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PREFACE. 


In adding a treatise on the Management of Marine 
Engines to Mr. Weale’s Series of Rudimentary Works, 
the Author trusts that it may prove a useful auxiliary to 
the various classes of practical men interested in the per- 
formance of our Steam Marine, whether in the Royal 
Navy or Merchant Service. Desirous of being under- 
stood alike by the non-professional man of business, who 
from his desk in the city controls the operations of a fleet 
of steam ships, as by the humblest assistant in the duties 
of the engine-room, he has endeavoured to express himself 
in as concise and matter-of-fact a manner as possible, avoid- 
ing as far as may be the use of technical language and 
mathematical demonstration, without attempting, at the 
same time, to render the text intelligible to the wholly 
uninitiated, by perplexing it with notes and explanations 
which ought to suggest themselves to every one acquainted 
with the rudiments of mechanical science. Some very es- 
sential Tables of the details of Engines and Vessels are 
added in the Appendix; and such technical terms as do 
necessarily occur will be found explained in the Glossary 
at the end, and several corrections made in this second 
Edition. 


March \0th, 1852. \ 
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THE 


MARINE STEAM ENGINE. 


CHAPTER I, 


GENERAL DESCRIPTION AND VARIETIES OF THE MARINE 
ENGINE. 


A previous Acquaintance with the Principles of the Steam 
Engine presupposed.—As this little work professes to be a, 
guide to the management of marine engines and steam 
vessels, and not a treatise on the steam engine, it will be 
necessary to presuppose a certain degree of knowledge of 
the facts and mechanical principles on which the structure 
and operation of steam engines depend. In short, to take 
it for granted that the reader has perused either Dr. 
Lardner’s Rudimentary Treatise, in this series,* or some 
other work on the same subject. This being understood, 
we shall proceed at once to the consideration of the marine 
engine of the present daypas it is found in vessels of the 
Royal navy and merchant service. 


General Description of the Marine Engine.—The princi- 
ples upon which the marine engine 1s constructed, as well 
as its general plan of operation, are identical with those of 
the stationary or land condensing engine; the motive power 


* Rudimentary Treatise on the Steam Engine, by D. Lardner, LL.D. 
John Weale, 18. 
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in both being derived from the pressure of the steam acting 
against a partial vacuum. Thus we have in each case a 
boiler to generate the steam; a cylinder, piston, and valves 
to use it; a condenser in which to condense it, and thereby 
gain the pressure of the atmosphere by causing the steam 
to work against a vacuum ; and lastly, an air pump to with- 
draw the condensing water, the condensed steam, and the 
uncondensed vapour, and gaseous matter. Such are the 
principal parts of every condensing or “low-pressure ” 
steam engine, whether it be used on land or at sea ; whether 
it be side-lever, direct-acting, oscillating, horizontal, or 
rotatory. 


Varieties of Form—The terms last used are those em- 
ployed to designate different forms of the marine engine 
which have been imposed upon it by wants and necessities 
of various kinds. For as the services which steam vessels 
are called upon to perform are very different, so also must 
be their machinery, in order to suit the required form and 
displacement of the hull, the minimum draught of water, 
the comparative value of stowage, or of passenger accom- 
modation, the necessity of protection from shot, the effi- 
ciency of the armament, and a hundred other considerations 
which may enter into the plans of a steamer. 

In all marine engines the required object is to give a ro- 
tatory motion to a horizontal shaft—either the paddle shaft 
in the case of paddle-wheel steamers, or the screw shaft in 
the case of vessels propelled by the screw. The earliest 
form of engine used for this purpose was the side-lever, or 
beam engine, in which the reciprocating motion of the 
piston rod is transferred through upright side rods and 
horizontal side levers to the connecting rod, which then 
gives the shaft its continuous rotatory motion by means of 
the crank. 


The Fly Wheel not anplicable-—If such an engine were 
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used to drive machinery on shore it would be furnished with 
a fly wheel, which, by becoming a reservoir of momentum, 
would supply power to continue the rotatory motion 
past the top and bottom of the stroke, where the crank is 
evidently (from its nature) powerless, and in this way a 
uniform speed would be maintained throughout each revo- 
lution of the shaft. But in the case of a vessel at sea, 
the fly wheel is inadmissible. Considerable irregularity 
in the revolutions results from this want, but not to such 
an extent as to be attended with any bad results. In some 
engines where the moving parts are not arranged so as to 
balance each other in their ascent and descent, one part 
of the stroke is made at a greater velocity, but this is 
generally obviated by admitting a greater quantity of 
steam on one side of the piston than on the other, until 
the propelling power for the up and down strokes accords 
with the resistance. The air-pump bucket is generally 
arranged in such a manner, that by its ascent it may 
balance the weight of the piston in the cylinder in its 
descent. 


Necessity for combining the Engines.—Vence arises the 
necessity for supplying the place of the fly wheel by com- 
bining two engines on one shaft, in such a manner that 
when the one engine is at its /east effective point (at the 
top or bottom of the stroke) the other engine may be most 
effective—each alternately helping the other over its diff- 


culties. 


Single Engines sometimes employed.—River steamers, how- 
ever, are occasionally fitted with only one engine, the 
moving parts of which are “balanced” (by means of a cast- 
iron paddle board, or otherwise) in such a manner as may 
best assist the crank in passing the centres; but such an 
arrangement is always objectionable from the difficulty 
experienced in starting, aiid from the impossibility of pre- 
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venting a disagreeable jumping motion in the vessel from 
the unequal speed at which the paddle wheels are driven. 


High-pressure Engines rarely used.—High-pressure en- 
gines are very rarely put into steamers in this country, the 
objections to their use being their increased consumption 
of fuel in comparison with condensing engines, and the 
presumed danger to passengers arising from explosion or 
escape of steam, which has made them extremely unpopular. 
As they possess, however, the countervailing advantages of 
cheapness and lightness, they have been adopted in some 
cases where economy of fuel is not so much considered as 
first cost and light draught of water. While referring 
hereafter to the marine engine, it should be understood 
that the condensing engine alone is meant. 


Side-lever Engine—its Advantages.—I1t has been said that 
the side-lever engine was the first employed in steam boats. 
This construction, with the arrangement of which the reader 
is doubtless familiar, has several advantages which enabled 
it for a long while to resist innovation. Perhaps its chief 
merit consists in this, that the weights of the moving parts 
are so balanced, the one against the other, that the piston 
when not acted on by steam is nearly in eguilibrio, and 
equally ready to start in either direction with the smallest 
application of force. The great length of the connecting 
rod, also, admits of the motion of the piston being trans- 
mitted to the crank in the most equable and effective 
manner, and the moving parts of the engine are supposed 
to do their work with less friction and wear than are to be 
met with in any other kind of engine. It can hardly be 
wondered at, therefore, that the side-lever engine was long 
a favourite, and indeed that it still continues to be so in 
certain cases, and under certain conditions. An example 
of a side-lever engine is given in Plate 1. 
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PLATE I1.* 





* For examples, see Tredgold on the Steam Engine, new edition, 
Division B, Marine. John Weale. 
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Disadvantages of the Side-lever Engine.—There are two 
very important conditions, however, in the economy of a 
sea-going steamer which the side-lever engine does not fulfil 
—namely, lightness of weight, and compactness of form. 
As these properties were found to be most essential in the 
machinery of a war steamer, it soon became apparent that 
some other arrangement of parts must be adopted which 
Would admit of the same power being stowed in less com- 
a and 4 portion of the weight of the machinery saved 

rsdditional coals, or stores, or armament. 


Adoption of the Direct-acting Engine——Hence the adapta- 
tion and general use of direct-acting engines in the Royal 
Navy, by which means (in conjunction with the adoption of 
tubular boilers) the length of the engine room was di- 
minished by about one third, and'the total weight of 
machinery by two fifths. It may be observed here, that the 
weight. usually allowed for side-lever engines, flue boilers 
with water, and paddle wheels, is one ton per horse power ; 
whilst direct-acting engines with tubular boilers and water, 
paddle wheels, &c., scarcely exceed 12 cwt. per horse power. 
The distinguishing feature of all direct-acting engines con- 
sists in the connecting rod being led at once from the head 
of the piston rod to the crank without the intervention of 
side levers: and as it happens (unfortunately, we think) 
that this kind of engine is capable of almost endless variety, 
each manufacturing engineer has introduced his own child 
into the steam navy, where scarcely two pairs of direct- 
acting engines are to be found alike. 


Varieties of the Direct-acting Engine.-—These may be all 
classed under three heads; namely, those which obtain the 
parallelism of the piston rod by means of the system of 
jointed rods called a “parallel motion;” those which use - 
guides or sliding surfaces for this purpose; and those de- 
nominated “ oscillating engines,” in which the cylinder is 
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hong upon pivgte and follows the oscillations of the crank. 
Belonging to the first class are those of Sesward, Bennie, 
Fairbairn, Forrester : and to the seopnd class, Mandelay, 
Miller, Fawcett, Boulton and Watt, Bury, Robert Napier, 
Joyce, &e. As these various arrangements cannot be ren- 
dered intelligible in words, sketches of some of the most 
characteristic are subjoined, in Plates 2, 8, 4, 5, 6, and 7. 


PLATE II. 





Direct-acting Engine, as constructed by Mueans. Szawaann, 
Cara. & Co.* 


* See pages © and 9; serie i all real 
see the Appendices to Tredgold. John Weale. 
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PUATE IY. 


Derect- Acting Bngese of 200 H. P. of H. M. S. Bull-Dog, eonetructed 
by Mesens. Rewnra, 
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PLATE IV. 
End Elevation of Engines of H. M. 8. Cyclops. 
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PLATE V. 
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PLATE VI. 
Direct-acting Engine as fitted on board H.M. Frigate 


Vulture, by Musses. Farnpairn & Co. 
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PLATE VIII. 


Marine Engine of the Rainbow Iron Steam Vessel, constructed by 
Messrs. Forarster & Co., Liverpool. See Appendices to Tredgold. 
John Weale. 
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Shortness of Stroke a Defect.—The unavoidable shortness 
of the stroke and of the connecting rod in the majority of 
direct-acting engines is certainly a defect, and becomes 
sensible in practice by the increased wear and tear of 
brasses and packings, and a greater consumption of tallow 
and oil when compared with the old side-lever engines. 
Several of the direct-acting varieties, it is true, are not ne- 
cessarily confined in the length of stroke—as, for instance, 
the “steeple engine,’ which is such a favourite on the 
Clyde. 


Steeple Engine.—The latter derives its name from the 
high erection on deck required by the guide to the connect- 
ing rod, which works above the crank shaft, and can be 
recommended only in the case of river steamers where the 
increased height of the centre of gravity, and the increased 
surface exposed on deck to the action of the winds and the 
waves, are not so detrimental as would be the case in a sea- 
going steamer. See page 12, a successful example. She 
made, notwithstanding, very rapid passages between Lon- 
don and Antwerp. 


Double-cylinder Engine—Maudslay and Field’s double- 
cylinder variety also makes a good engine, and may have a 
tolerably long stroke and connecting rod, but for small 
powers it is heavy and expensive. It also occupies more 
space in the engine room than several other kinds of direct- 
acting engines; but for very large powers, where the 
excessive diameter of a single cylinder may be considered 
objectionable, it appears to be most applicable, and has in- 
deed proved itself to be highly efficient. See Plate 9. 
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PLATE IX. 
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Direct-acting Double-cylinder Enyine as constructed by 
Messrs. Maupsxay, Sons & Fre.p.* 


* See Tredgold on the Steam Engine, new edition, Division B, Marine 
Engines. John Weale. 
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Oscillating Enginé—Of all.the direct kinds, however, 
the oscillating engine, which has derived trom Mr. Penn 
so much of its elegant simplicity and present perfection 
of workmanship and arrangement, is generally preferred. 
Tt need hardly be explained. that this engine derives its 
hame from the fact of the cylinders “oscillating” upon 
hollow axes or “trunnions,” through which the steam is ad- 
mitted to, and withdrawn from, the valves—the piston rod 
by this means accommodating itself to the motion of the 
erank without any “ parallel motion” being required. This 
construction has now been proved as applicable to ocean 
steamers as to the small boats on the Thames, where it has 
long been a favourite; and it appears to be also well 
adapted for driving the screw propeller. See Plate 10. 





Oscillating Engine as constructed by Mussns. Joun Penn & Son.* 


* See Tredgold on the Steam Engine, new edition, Division B, Marine 
Engines. John Weale. 
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Machinery for Propulsion by the Screw.—The introduction 
of the new mode of propulsion by the screw has created the 
necessity for new modifications of the marine engine; and 
as it is essential for the due performance of the screw pro- 
peller that it should revolve with a considerable velocity, it 
has been deemed necessary to employ gearing or straps, in 
many instances, to multiply the speed of the engines. The 
use of toothed gearing being objectionable, however, in sea- 
going vessels, from the liability of the teeth to be stripped 
or deranged by sudden shocks received by the screw in a 
rough sea, it is preferred to attach the engines directly to 
the screw shaft in all cases where the required speed of the 
screw renders this practicable. This can be readily accom- 
plished when a great speed is not expected from the vessel, 
as in the case of auxiliary steam power; or where & long 
pitch in the screw, and a moderately short stroke in the en- 
gine, permit the requisite number of revolutions. For it 
is evident that the piston in an engine having a three-feet 
stroke will make twice the number of reciprocations per 
minute that it does in an engine with a six-feet stroke, sup- 
posing the actual speed of the piston to be the same in each 
case. Hence it is usual to subdivide the power of large 
screw engines amongst a number of small cylinders, all at- 
tached directly to the same screw shaft, and making short 
and frequent strokes. Where gearing cannot be dispensed 
with, toothed wheels are preferable to straps. 


Internal Gearing. —With the view of affording additional 
security against accident, Mr. Fairbairn has introduced into 
a large pair of screw engines for the Royal Navy a system of 
internal gearing, where the small pinion on the screw shaft 
is driven by teeth on the internal periphery of the driving 
wheel attached to the engine. The advantage of this plan 
consists in the greater number of teeth which are thus 
brought into gear at one time, so that the strain is divi- 
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ded amongst several, in place of being wholly transmitted 
through one tooth. 


Protection of the Machinery from an Enemy’s Shot.—So 
long as the paddle wheel continued to be the propelling 
agent, it was plainly impossible to devise any means by 
which the machinery could be protected from an enemy’s 
shot ; but the recent adoption of the screw propeller has 
facilitated this very desirable object to the navy. For as 
the screw itself revolves entirely beneath the surface of the 
water, we are now enabled to place all the machinery which 
gives it motion under the water line also, (in some cases, 
so much as six or eight feet,) by which means it gains a 
comparative though not perfect safety. It is well known that 
a shot will not penetrate more than a foot or two under 
the water unless it meet the surface at a high angle, but 
then the bottom of a vessel at sea must be often exposed, 
during both the rolling and pitching motion, to a position 
considerably beneath the level water line, when an enemy’s 
shot would have a fair mark at the machinery, although in 
smooth water it might be perfectly protected. The addi- 
tional security, however, which such machinery does enjoy 
renders it a question of the utmost importance to dispose 
the engines and boilers of a screw-propelled vessel quite 
under the water line. Hence another plea for the practice 
of subdividing the power of large engines amongst a number 
of small cylinders, these being ranged (generally in a hori- 
zontal position) on either side of the screw shaft, so as to 
require as little height as possible for the reciprocation of 
their moving parts. The boilers are also made as low 
as practicable, and if a steam chest be added, provision 
should be made for shutting it off from the rest of the 
boiler in case of injury, the steam being in that cage drawn 
directly from the top of the main boiler. 
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CHAPTER II. 


DETAILS OF THE MARINE ENGINE: THEIB PROPORTIONS 
AND USES. 


AxtuoueH itis not here contemplated to supply rules 
and formule for proportioning the marine engine, a few 
remarks are made upon such proportions as the officer in 
charge of the engines may be able to alter or modify for 
himself if found necessary. 


Steam Pipes.—The steam pipe from the boiler must not 
be too contracted, otherwise the pressure of the steam upon 
the piston moving in the cylinder is not kept up during 
its stroke, the steam being then what is called “ wire- 
drawn” in the pipes. The usual area allowed to tho steam 
pipe is one square inch per horse power, but this may 
be increased with advantage in the case of small engines. 
It is of much importance that the pipes should have as 
short and direct a route as possible from the boiler to the 
engines, with few angular bends or changes of direction, 
as all such impediments act most injuriously by checking 
the supply of the steam. Where bends are unavoidable, 
they should be made of as large a radius as convenient. 
Much care must also be taken to prevent the loss of 
heat by radiation, and the consequent condensation of 
steam in the pipes, which should therefore be clothed with. 
sheets of hair felt wrapped round with spun yarn, the 
whole being sewn up in canvas, and painted. Oopper is 
the only material which should be used for steam pipes 
between the boiler and engine, as wrought-iron pipes gene- 
rate scales of rust which, becoming detached, are blown 
by the steam into the valves and cylinder, where they do 
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much mischief by scratching and cutting the surfaces. 
When.a straight pipe forms the connection with the boiler, 
an expansion or “faweett” joint must be provided, but this 
may be dispensed with when an elbow occurs in the length 
of pipe. 


Throttle Valve— The throttle valve of a marine engine is 
always worked by hand, and should be used only in control- 
ling the speed of the engines for any temporary purpose, 
such as in passing through a crowded river, before stopping 
at a pier, &c., but should seldom or never be used for work- 
ing the engines expansively at a permanent reduction of 
speed. 


Expansion Valve.—This latter object is effected by the 
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expansion valve, which should be fitted to all sea-going 
steamers. It usually derives its motion from the crank 


90 DETAILS OF THE MARINE ENGINE: 


shaft of the engine, the valve spindle being connected by a 
series of rods and levers with a small brass pulley, which 
presses against the periphery of a graduated cam on the 
crank-shaft, by which means the steam is “ cut off” in 
the most advantageous manner at any required portion of 
the stroke. The valve employed is usually of the description 
called the “Cornish double-beat,” or “equilibrium valve,” 
which has the advantage of being opened and shut with 
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great facility, since, from its construction, the pressure of 
the steam has no tendency to jam it against its seat—the 
objection to which all flat or plate valves are subject.. Also 
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by a slight rise of this valve, avery large opening is obtained 
for the steam. This will be best understood by reference to 
‘tthe annexed engraving. The principle on which this valve 
is constructed is, that if steam be conducted by a branch 
Pipe into a larger perpendicular pipe between two common 
conical valves placed in it, and connected together by a 
centre spindle or rod, and: resting on their seats, it would 
exert a pressure on the under side of the upper valve, tend- 
ing to raise it; and on the upper side of the lower one, tend- 
ing to keep it down; these two pressures in opposite direc- 
tions thus neutralizing each other. It is therefore evident 
that these two valves form one double-seated valve, and may 
be opened in equilibrio, by means of their spindle. The steam 
then passes up one pipe and down the other, and, if desired, 
these pipes may be again immediately united. By the pecu- 
liar arrangement of the seats and partitions, this is done inside 
the outer casing of the valve, as shown in the engraving. 


Stephenson’s Link Motion applied to give Expansion.—A. 
modification of Stephenson’s elegant and simple link motion 
for locomotives has been adapted to the marine engine, by 
which means the length of stroke of the cylinder slide valves 
may be varied at pleasure, so as themselves to act also as. 
expansion valves; but as their motion is derived from an 
eccentric of the usual form, it has a different character 
from that produced by the cam in the former instance; the 
admission and exclusion of the steam now taking place more 
gradually, and, as is generally admitted, with less effect. 


To set the Slide Valves.—The manner of setting the cylin- 
der slide valves so that they shall admit and shut out the 
steam from the cylinder at the proper time, independently of 
the action of the expansion valves, is a matter of the greatest 
importance. The chief points to be attended to are these : 
lst, that the steam shall be shut off a little before the end of 
the stroke, by closing the aperture of the steam port, which 
causes the piston to be brought gradually to rest without 
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jarring the engine, independently of the advantage derived 
from expanding the steam ; 2nd, that the eduction port, or 
the passage to the condenser, should be closed before the 
end of the stroke, which is termed “ cushioning” the piston, 
because it then completes the stroke against an elastic air 
cushion, in consequence of a portion of uncondensed vapour 
being shut up between the piston and the top or bottom of 
the cylinder; 3rd, that the steam port on the same side of 
the piston should be opened a very little before the end of 
the stroke, so that the steam may have acquired its full 
pressure as soon as the crank shall have turned the centre ; 
and, 4th, that the communication with the condenser should 
also be opened on the opposite side of the piston a little 
before the end of the stroke, so as to have a vacuum ready 
made in the cylinder before the return stroke begins, 


“Lap” of the Vaive.—Now, if the slide valves had simply 
to admit and shut off the steam at each instant that the 
piston arrived at the top and bottom of its stroke, the face 
of the valve would have exactly the same depth as the aper- 
ture to be covered; but that the steam may be cut off a 
little before these points, it is necessary that the valve faces 
should be made deeper towards that side from which the 
steam comes, 50 that after closing the steam ports they may 
move past the aperture for a certain space at each end of 
the stroke. This space, which they Jap over the valve seat- 
ing, is called the “lap”? or “cover” of the valve on the 
steam side. It is apparent that no lap is necessarily re- 
quired on the exhaust side, beceuse we want the communi- 
cation with the condenser to oper before the end of the 
stroke. The general practice on this point is to make the 
edges of the valve faces flush with the edges of the cylinder 
ports, when the valves are placed exactly in the middle of 
their stroke. The objection to lap on the eduction side is 
that the communication between the cylinder and the con- 
denser will be closed too early, and the effect termed cush- 
loning will take place to an injurious extent. The uncon- 
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densed vapour is compressed sometimes even to such an 
extent as to exceed in pressure the steam in the boiler, and 
an erroneous opinion has then been formed in examining 
the lead corner of an indicator diagram that the valve has 
been set to open too soon. In these cases after due exami- 
nation the cover on the eduction side should be cut off. 
By means of the Jap, therefore, we are enabled to shut 
out the steam, and to open the passage to the condenser 
before the end of the stroke. But it is also necessary that 
the port should open to steam on the opposite side before 
the commencement of the return stroke. 


“ Lead” of the Valve.—Steam is admitted to act upon the 
piston before it has quite completed its stroke, by giving 
the valve a motion in advance of the crank. The extent ta 
which the port may be open for the admission of steam, 
when the engine is on its top or bottom centre, is varied 
much, but an allowance of one square inch of opening to 
every sixteen horses’ nominal power, will be found to give 
good results. In all engines where the velocity of the 
piston is greater, the lead may be increased beyond this 
extent with advantage. With common slide valves driven 
by an eccentric great breadth of port is evidently desirable, 
as a slight motion of the valve then ‘gives at once a greater 
area of opening.. 


Reversing the Engines.—If marine engines were required 
to work only in one direction, the eccentric pulley might 
then be permanently fixed on the paddle shaft, (as it is on 
the fly shaft of a land engine,) i in the most advantageous 
position for lead, &c.; but as a steamer must be equally ca- 
pable of reversing the motion of the wheels, such an ar- 
rangement becomes unsuitable. For let us suppose that 
the engine has been stopped at half stroke in the usual 
way, by throwing the eccentric out of gear and shutting off 
the steam, and that steam has been admitted by hand to 
the opposite side of the piston, the shaft will then com- 
mence revolving in the opposite direction. But it is evi- 
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dent that before the engine can be thus put into the proper 
position for enabling the eccentric to continue the reversing 
motion, the shaft must be free to rotate backwards within 
the- eccentric pulley through half a revolution. Hence a 
necessity arises for placing the eccentric pulley loose upon 
the paddle shaft, the latter being fitted with a “stop” or 
“ snug,” with which another “stop ’’ cast on the pulley comes 
into contact after halfa revolution in either direction, and thus 
communicates motion to the valves with perfect indifference 
as to which end of the eccentric stop may be in contact. 


Expanding by Means of the Lap on the Slide Valves.—It is 
apparent that the lap of the slide valve presents a simple 
method of working the steam expansively to a small though 
definite extent, which is then fixed beyond the power of 
alteration until the valves are reset. The amount of ex- 
pansion which can be thus given, is limited by the effect 
produced upon the eduction port as before mentioned. It 
is, however, objectionable to carry expansion by this means 
to the full extent to which it is practicable, from the fact 
that when the vessel is placed in the most difficult cir- 
cumstances, struggling off a lee shore, with the speed of 
herengines reduced by a head wind, so that there is an 
abundant supply of steam, there are then no means of com- 
pletely filling the cylinders, and the full amount of power 
capable of being generated cannot be realized. The most 
beneficial practice therefore, when the common slide valves 
are used, is to have only a small amount of lap, so that it 
may be possible to obtain the utmost power that the engines 
are capable of exerting at such times as it may be essential, 
and to have an additional valve for regulating the amount 
of expansion to such extent as may be desired. The latter 
system is in accordance with the growing intelligence of 
those now generally entrusted with the working of marine 
steam engines. An excessive and wasteful expenditure of 
steam under circumstances when a corresponding result 
cannot be obtained from it need not be feared with a good 
superintending engineer on board, as so much interest has 
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of ieke hoe. sxcited, sot only amenget those partion, but aps 
aoumgsh commending officers, on, this most important pout, 


Blow-through Valne-—Beloss the engpes cen. be aiguted 
dt ig necessary that the air should first he axpelled from the 
eyliter, condenser, and aiz pump, and its, place supplied 
by tteam, in order that we may obtain s vaouum by ite 
gubsequent condensation. Hence a valve, called from its 
afice the “ Blow-through vilve,” is provided to open 
temporary communication between the steam in the valve 
casing and the condenser, by which means a rush of steam 
is cdased to pass through the internal parts of the engine. 
This operation is continued until the steam begins to isaye, 
hot and trangparent, from snother valye on the condenser, 
called the “Snifting valve,” mtusted at the opposite point 
from where the steam entered. Thése valves are of course 
sloved as soen as the engine ig set to work, 


Clothing the Cylinders, §e —As it is of mach importance 
that the internal heat of the cylinders and valve casings 
whould be preserved from radiation (espeeially when high 
ptenya ig used expansively) these must be carefully clothed 
with felt and dry timber, bound round with metal hoops. 


Clearance of the Piston —The “clearance” of the piston 
tt the top and bottom of the stroke should ‘be just as little 
‘sa is consistent with safety, and is usually made from one 
hatfitnch to tive eighiths or three fourths of an inch. 


5 Priming Valves“ Escape” or “ Priming valves” are now 
Yanerally fitted to the top and bottom of the cylindar, to 
feeusit the escape of water without danger to the machinery 
fini the shock of the piston against the incompressible 
Waid, This water collects partly from the eordensstion of 
diva within the cylinder, but is chiefly carried over from 
Hhe oiler, either as “ priming,” or im a atate of mechanical 
Saspension with the steam. It may-aleo overflow throngh 
She-valres froin the coudenser. Thepe = be 
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adigeiiploybdifor the pletons of twiarihe engines, this balnij 
in the Sorel of GhaGiron #ings, either poasemad!(feiye 
‘ eouutiniction): of elastivity it thetscbros, of deriving 
i} fet, ete! prides plaved behind them, The oaphidon 
ately y, lose their dlpstiviby after “being solke 
tints th use, in which dase they nest be taken ont, snd had 
this restored Wy! hammering and thereby elosgating thet 
intial surfice} of else sbeel springs must, be addet te 
preds them oti aguinat the cylinder, when they are ent inti 
segnerita to “allow the springd greiiter freedom of sctiow. 
Tie pistdi is lubricated with melted tallow through a 
grease cock on the eytinder cover, advantage being tulad 
of the vacuum during thé up-stroke to duck In the talhow 
The greage-pock aperture also serves for applying the 
“Indicator duting the stoke above the piston, = 







Condeneer-—THe conitenser should have # capacity of 
half the cylinder as a mnimum, but may be made aria 
with advantage. The size should depend, to.a certain t, 
upon, the temperature or density of the steam used, aa plenty 
af xogm should be allowed for high steam to MS in 
low-pressure atenm hefqre being gondenaed, if this has 
been previously effected by expansion. within the cylinder, ; 


Injection Haine, —Tie anes ‘of, tht. injection vale abquld 
be aboub one square inch for every ten-karsepawen ‘This 
# an ample: allowanee in. ail cases, and is more 
saty when. the aigettion, water has § tempersjung of; 
Bebe, (which de the avarkge for outacas), though ir tropigd 
singates it beil.act beeund. too mbch, The siverege tomy 
perabuveof the Meditenmaiesn. is about Gi’, ab 26°,.0f 
ixtiiads, about 76°: and at the equskor, about 827, Ralipoee 
pit, The wapily neat be ruguintad at will by the qyening 
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snore bt orks fdas phy Th hed 
‘the, cawel ef langin engints to: hawt: twa: injention énelle 
Sting, bulewsn ido een ead each ecnsimeer-ane, she ehh 
ciglk, dlaniz to thet aide of the vessel, na a sckusity in oped 
ed inpary tc! tike internal pipe, ané the other upon dha-eohy 
densdn, Besides these, it 1s usual to have an injection pipa 
ted From tha bilge of the vesacl, so thas in. case Of snnmael 
the sev cock may be closed, end the engine sugn 
plied with injection from this souree. The mouth of thas 
pige should be carefully guarded and kept clean, as whey 
the emergency arrives for its use it has too often been 
found choked up and unserviceable. ' 


Parpevcture of the Condensor.—The process of eandensis 
tion will ho the more complete ig propertion to the eald» 
mess and quantity of the snjection water, the manner in 
which it is brougkt into contact with the steam, and tha 
temperature of the steam itedif on entering the condenser: 
The resulting temperature which is usually aimed at by 
engineers for the condenser is from 96° to 140°. The limut 
foaw more perfect degree of condensation is imposed by the 
ihereanca size of the air pump required to withdraw the 
edditional injestion water, which diminishes the work and 
imerenges the cost ef the engine: Henes the engineecr' is 
well satisfied if the temperature of the condenser be not 
above 110°, with which a vacuum of 27% or 28 inches of 
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© sphaktinity of Watery Vapour at difercat Temperatenas.« 
deniadiog 40'Dr, Ure’s experiments, uncondensed 
vapour xh a temperatnre of 100° balances 1°86: dach of 
mencuny; ab 140°, BG mehes; 06-1207, 2:8 inches; at: h30% 
WANG inches; ab 14F, S77 inches ated at, 156°, 7:59 iomhen 
gga aad car's ab ei paed per lsoian oat. 


ited of ‘the Injection Baten This velocity’ ok 
fit Bes Peet wt wy 
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| ‘vodka the preeinie, and: will be sbout-40: ‘feet per. Boece fie 
*, the fall pressure of: the atmosphere. against’ 4‘ pure “vacuum. 
. The ‘soa injection-sliould be taken from aliout mid-way bes 
‘pween:the surface:of the water and the bottom of the vessel, 
“gd as neither to draw impurities from the surface, nor be 
liable to become choked -with sand or mud from the bottom; 
When working in shallow water, or when the ‘vessel ‘is 
aground. In many of the latter cases, the engines have beer: 
rendered useless at the time when most needed, by. sand: , 
heing sucked in and destroying the action of the air pump. . 


Boswicter ia my barometer gauge ; is attached to the 
condenser to show the vacuum. It is usually constructed 
‘like a common baromete?, except that the top.of the glass 
tube communicates through a small pipe and cock with the 
interior of. the condenser, the partial vacuum of which then, 
takes the place of the Torricellian vacuum of the ordinary 
barometer. The surface of the column of mercury in this: 
case indicates the difference which exists between the pres+ 
sure of the atmosphere and the pressure in the condenser, 
so that if we see a column of 27 inches of mercury sup~ 
ported in the tube, and the pressure of the: atmosphere at: 
that time be 30 inches of mercury, we know that. there is, 
a. pressure of ‘three inches of mercury, OF 1} Ib. on the 
‘square mee within the Sone , sf 


Sources of Error. a we find by the common hasan 
that the pressure of the atmosphere is constantly varying, 
a-correction shéuld be: made for this in-estimatinig. the .va- 
cuum of the condenser. Another source of error _ arises. 
from the varying level of the mercury. in the open. cup 
which supplies the gauge tube, according: as: the -tube-be« 
comes more or less. filled; since it is evident.that:only that 
portion:of the column which rises above the surface of the 
mercury in the cup can be reckoned as the counterpoise to 
the atmosphere,” The simplest manner of éUeviating the lazt- 
mentioned source of error. is to make the surface of mers 
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ey in the'oup “very. large in cotapatison arith: the bore of 
we: tube. As the barometer gauge. is-very: often foundto . - 
al incorrect resplts (either throigh ‘ignorance or- design 

h' the part of the: foreman who saw it fitted) it. would Be 
‘all ‘if every ‘commander of a steam vessel satisfied him 
olf of its accuracy, before giving credence to such = 
bout vacuum 28 are Sometimes paneer to the va 


a meee Barometer for the Condenser. _Subjeined is 8 
ketch of an improved barometer for the condenser, which 
igs been tried and found useful. A glass syphon tube, 
: @, 84 or 85 inches long, is half filled with mercury; one 
nd at 6 being left opén to the atmosphere, which is ad. 
nitted through a very small aperture to exclude the 
lust, Avsliding brass scale, graduated from 0 at the bottom 
.30 inches at the top, is fitted in 7 
the space between the two legs of ore 
che verted syphon. When required 
to show the vacuum, the zero point 
of the scale must be shifted to where 
the mercury ‘falls in the leg open to 
the- atmosphere, and the height of 
the mereury in the other leg being 
then read off from the scale, the exact 
difference of height between the two 
columns is thus obtained. This baro- 
mieter posesses also the advantage 
that the mercury cannot be blown 
oub.by.a slight pressure of steam in 
dhe condenser (as is the ‘case with 
the common barometer), which ad. 
mits of its bemg kept in constant 
tas ‘ag a guide to the engineers in 
‘whopping and starting their engines 
‘in any time of difficulty, The sy- 
phon. may. be made, if preferred, by wnthg ¢ ome oa 
glass tubes in & short pave: ot bert iron. a wall | 
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' Beals avizing from the Cee of Soa Water for Cond asctions 
uP use of ¥ea water for condensing the steam atid sub- 
wyteatly feeding the boilers, entails upon marine engines 
thie necessity for ejecting, or “ blowing off” a ‘portion of the 
saturated water, at intervals, into the sea, to prevent the 
Geposition of scale and salt, and causes the loss of 3 com 
siderable quantity of caloric. The specific gravity of the salt 
water in the boiler, taken at a medium degree of saturation, 
is about one-tenth part greater than that of fresh water ; 
and as the capacity of the water spaces requires to be in+ 
eréated to allow for cleaning, as well as for the more ready 
escape of the steam through the denser fluid, we may add 
sbout one fifth for the extra weight of salt water in the 
boiler as compared with fresh, taking into account the 
portion which is blown off. When we consider also the 
very rapid wear of boilers using salt water, it is at once ap- 
parent that an efficient means of supplying them with fresh 
water at sea is one of the greatest desiderata in marine 
engineering, 


Surface Condensation attempted —With this view, many 
attempts have been made to condense the steam by con- 
tact with cold metallic surfaces, instead of by the plan of 
injecting amongst it a large body of salt water from the sea. 
Could this be done effectively, the boiler might then be fed, 
during the whole voyage, with the fresh water which it had 
at starting; the same water, after circulating through the 
cylinder as steam, being condensed without intermixturé 
with other water in the condenser, and then returned to the 
boiler to be again formed into steam, being thus kept in & 
continuous round of action. 


Surface Condensation found to be Ineyicient.—Bat, anfor. 
tunately, the principle of surface condensation has hitherto 
always proved inefficient. The difficulty has generally been 
%o prdsont & wulficiently large cooling surface to the steam, 
go as to prodave a-rapid vondensation. 
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Fall's Gondensera—~Hhis ‘eannot be urged agninst Hall's 
Vondensers, hawever, in which the stedm is passed through 
anany miles of little capper pipes enclosed ina cistern of 
gold water, whith is vohstantly renewed from the sea by 
meant of ia force pump worked by the engine, but in this 
case the small pipes through which the steam js passed are 
liable Lo become “furred” on the outside, or choked up al- 
together by deposits from the sea water. Besides this, the 
additional machinery required adds so much to the expense 
and intricacy of the engine, as well as to its weight and the 
mpace ib occupies in the vessel, that this condensing appera- 
‘us has not been found applicable in practice. In such an 
arrangemant the loss of steam arising from leakage, or from 
blowing off at the valves, is compensated to tie boiler by 
the use of a small apparatus for distilimg sea water. The 
air pump is then, of coarse, much reduced in @ize, as it has 
no injection water to remove. 


Air Pump.—The capacity of the air pump is usually pro- 
portioned to the cylinder as 1:8, or thereabouts ; and the 
delivery valve has an area of one third of the air pump, 
though the orifice through the ship side for the escape of 
water from the hot well need not be more than one sixth of 
the area of the air pump, when the latter is single-acting. 
in large engines, 2 sluice valve is usually fitted inside the 
vessel across the mouth of the discharge pipe at the ship 
sido, which being closed by hand when the engines are not 
working prevents the wash of the sea from entering the 
hot well, ® 


Feed Pumpe.—The feed pumps supply to the boiler so 
tauch of the water which has been used m condensing the 
gieam as will testore the waste from evaporition and blow. 
fneroff, and each of the two feed pumps which are usually 
bted up is made sufficiently larpete supply el! the boilers in 
case of accident to the other pump, or to its feed pipes, The 
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‘necebuary quantity to be admitted to the bollerdv jadgdd of 
by observing the level in the glass water gauge, and is regus 
lated By hand by means of the feed cock on each boiler 
the surplus water, which is rejected by the boilet, béing 
exjelled into the sea by the feed pump through a loaded 
eécape valve. 


Bilge Pumpe-—Bilge pumps are fitted to marine engines 
as & security to the ship in case of extraordinary leakage, aa 
“well as to save the work of the crew in pumping the hold 
‘dry. The bilge pipes should be made of lead, whieh suffers 
ldsa corrosion than copper from the acidulous bilge water of 
wooden ships, and care must be taken that they do not get 


Hand Pump connected with the Engines-~~A. hand pump 
must also be fitted for the purpose of feeding the boilers 
while the engines are at rest and the steam blowing off. 
This is made capable of being connected to and driven by 
the engines, so as either to assist in feeding the boilers, af 
necessary ; to act as a fire engine in case of need ; or for the 
every-day duty of washing decks. It should also be so an 
ranged that it may draw cither from the sea or the bilge. 


and Pump driven by a Supplemeatary Engine —In the 
case of vessela with tubular boilers this pump usually receives 
its motion from a small high-pressure engine (technieally 
known as “ths donkey’) which works by the pressure of 
steam in the large boilers. Such a provision becomes me- 
cessary on account of the rapid evaporation of tubular 
boilers in eemparison with their confined area ap the water 
level; but in the case of fue boilers, where the water suy- 
face is comparatively larger, and danger from the water 
level falling too low during a temporary stoppage is therg- 
sn diminished, this pump is generally worked by hand 

iy. 


CHAPTER III. 


WHE MARINE BOILER: ITS GENERAL PROPORTIONS, AND 
THE PRINCIPLES CONCERNED IN ITS OPERATION. 


The Marine Boiler-—The Marine Boiler differs from one 
on shore in this essential particular, that, in the former, the 
fire and flues are wholly contained within the boiler itself, 
and are surrounded with water in every direction,—such 
an arrangement being rendered necessary as a precaution 
against fire. There are several varieties of this boiler in 
use, designated the Flue boiler, the aia boiler, the 
Sheet-water-space boiler, &c. 


Flue Boiler—In the Flue boiler, the flame and hot gases 
generated in the furnace are confined in narrow flues, which 
wind about amongst the water of the boiler until the heat 
of their contents has been nearly all absorbed ; after which, 
the flues are gathered together into the “up-take,’’ at the 
bottom of the chimney. 


Form of the Flues.—They should be so roomy as to allow 
of a boy getting readily through them to clean out any 
deposit of soot or ashes ; but their area must not be unduly 
increased in any one place, so as to check the velocity of 
the draft, as in that case* a deposition of soot and ashes 
invariably takes place, by which the heating surface is not 
only impaired, but the plates are corroded and destroyed. 

Arrangement of the Heating Surface.—It is a point of the 
utmost importance that no part of the heating surface of a 
boiler should be so situated that the steam may not readily 
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rise: feom it, and escape to the surface of the. wate sis 
the plate, if left in contact with steam instead of water,. 
becomes unduly heated and destroyed, and an fa igi 
frequently ensues. - #& 


, Horizontal Heating Surface the best. = is found in preg: 
tice that.a perpendicular heating surface, such as the sides 
of rectangular flues, is by no means g0 efficient for raising 
#téam ‘ae An -equal area of horizontal sarface, such 28 the 
tops ‘ofthe same flues or of the furnaces. Tho “reason of 
this ts sufficiently apparent; for the steatn ‘in the ‘frst case, 
2 perpendicularly from every portion of the surface, 
forme 's film or stratum of vapour in contact with the ‘sides 
of tke flue, which prevents the free access of the water. to 
the hot metal ; ‘but, in the other case, the steam leaves the 
iron as soon ad it is generated, and allows the water to be 
constantly in contact. 


‘Bottom Heating Surface ineficient.—From the same cattse 
of tmperfect contact, the flat-bottom of a metal flue is very 
ineli¢ient as heating surface; and plates thus disposed are 
found to wear-out much quicker than those forming the 
tops of flues or fire boxes. The plan-of sovering the bottom 
of the flues with a non-conducting material, as bricks or 
cement; hes ‘been fourid to éause hardly any diminution in 
thé evaporative ‘power of ‘the boiler, and ‘is by some thought 
‘to méease the'durability of the bottom plates. 

Tho objection to this plan. ia, that from the ‘unequal ‘de 
gtees of exparision between the ifen and the non-conducting. 
lining, it is inipossible to maintain ati unbroken joint be- 
tween ‘their surfaces, so that a space is formed:in which 
brine may collect in contact with the’ plates, ane thus do 
Jnor’ mischief than the wriginal disease. 

- The: fides :generally ‘increuse ‘a little °in height se they 
secede from ‘the furnices; in-order‘that the depth of water 
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ver ther may be lesein proportion us the contained air is 
<ooler. 


Disadvantages of Flue Boilers. — Although flue doilers 
occupy at least one third more space m the vessel than 
tubular boilers of an equal evaporative power, and sre 
nearly one third heavier, they are still preferred in some 
instances (a8 on board the West India mail packets), as 
being more economical both with regard to first cost, ro- 
pairs, and durability. It is hardly believed, however, that 
these qualities, if really possessed, are not more than coun- 
terbalanced by the increased consumption of fuel neces- 
sarily attending any increase in the displacement of the 
vessel, as well as in the loss of so much valuable space for. 
passengers, goods, or stores, 


Tubular Boilers—In tubular marine boilers, the fame 
and hot gases from the furnaces are led through a great 
number of small tubes (of iron or brass), completely sur- 
rounded with water, to the flue or “ up-take”’ at the bottom 
of the chimney. By this arrangement we are enabled to 
condense a very large amount of “heating surface’ within 
@ comparatively small space; and in consequence of the 
extreme subdivision of the heated gases in passing throngh 
several hundreds of tubes not above three inches in dia- 
meter, every particle of them is brought into contact with 
the absorbent surface, and their caloric is thus extracted 
in the smallest possible time. 


Furnaces—The furnaces, or “fire boxes,’’ should be ge 
deep as to allow of a roomy ash-pit under the doors, the 
front of the grate bars heing fixed at a height of about 
80 inches above the firing stage, and sloping down with an 
inclination of about two inches to the foot towards the 
* bridge.” 
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Fire Bore—The baw are best made'of wrought iron ia 
several lencths of about 80 inches each, to suit the length 
of the furnace, which should not exceed 64 to 7 feet, The 
pats may Ke made from five eighths to three quarters of an 
inch thick on the top edge, about three inches deep, and 
may have from three eighths to seven sixteenths of an inch 
of air space between each for Welsh coal, though these 
dimensions should be modified according to the nature of 
the fuel it is intended to burn. No open space should be 
left between the outer bars and the sides of the furnace, as 
it is expedient to check the formation of flame at that part, 
in order to protect the plates from being “ burnt,” 


The direct Impact of Flame to be avoided.—Tt should be 
borne in mind that the direct impact of flame is very much 
hotter than radiant heat, and the plates of a boiler should 
be protected from it as much as possible. This forms a 
source of objection to many of the plans which have been 
proposed, or adopted, for burning the inflammable gases 
in the flues of a marine boiler by the admission of a jet of 
‘air, which too often acts like a blow-pipe by directing the 
flame thus generated against the plates. 


The Bridge-—The “ Bridge,’ to which we have alluded, 
crosses the back of the furnace to support the ends of the 
fire-bars, and prevent the fuel being carried into the flues, 
end also tends to cause the flame to reverberate upon the 
roof of the furnace, although the construction of the boiler 
sometimes does not require it at all. It is either formed 
of fire-brick, or else constitutes 4 part of the boiler by 
being made hollow, and containing water, in which case 
the top of the bridge inclines at a considerable angle to 
allow the escape of steam. 


Water Spaces.—The furnaces should be covered with 14 
or 15 inches of water, and the tubes or flues with 10 or 
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42 inches, in the case of seagoing steamers. The water 
‘paces between the furnaces are usually five to six inches 
‘wide: and between the flues, four to five inches. The 
spaces between the crowns of the furnaces and the bottoms 
of the tubes should be not leas than 10 inches, to allow of 
a “man-hole” between the arched tops. The bottom water 
spaces should be not less than eight inches, to allow room 
for “scaling” and cleaning. It is usual to allow a space of 
one inch between the tubes of a tubular boiler, these being 
arranged in perpendicular rows, one over the other, by 
which means the steam is supposed to escape more readily 
than when they are placed zig-zag. 

Although many of the proportions here set down are 
beyond the control of the officers in charge of a steam 
vessel, still we think it expedient to state, in as few words 
as possible, what proportions of engine and boiler are con 
bidered by practical men to be most conducive to perfect 
efficiency. For unless a general knowledge of these pro 
portions be acquired, it is plainly impossible to form a 
judgment as to whether any observed doficicncy in the 
work of the engines is due to the fault of their original 
construction, or depends upon those details of management 
which it is more particularly our present object to explain. 
And although it is but just to the talented constructing 
engineers of this country to assume, that in the majority 
of cases the machinery of a steam vessel leaves their hands 
im a perfect state, it is nevertheless most satisfactory to 
be enabled to prove this for one’s self. 

Requisite Amount of Heating Surface.—Before we can 
obtain a good average result from the combustion of the 
fuel, it is necessary that the boiler should present about 
twelve square feet of effective heating surface per horse 
power; for if less surface than this be given, a wasteful 
quantity of heat escapes up the chimney, from not having 
been absorbed by the water. What is termed “ cffective” 


BS «« , TEMA ROTRER:, - 


hosting shrfaee,, must -be ealeulated independently of tho 
Sottoms of flues aud fire-boxes, and of one fourth part-of 
the whote tube surface. The grate-bar aurface should. be 
nt Jeast 80 square inches per horae power, and, where practix 
‘cable, may be increased to 100 square inches with muck 
advantage. 


reas of Flues and Tubes.—The area of the first flue, or 
the clear area through the tubes, should equal one sixth of 
the grate-bar surface led into them; and the area of the 
flues may be gradually diminished from the fires to the 
chimney by one fourth part. 


A Roomy Furnace desirable—As a large furnace is found 
by experience greatly to facilitate the admixture of the 
gases, and to ensure their more perfect combustion, as well 
as to afford the most effective kind of heating surface, it ig 
of great importance that there should be plenty of room 
over the fires, 


Combustion checked by the Carbonic Acid.—The carbonic 
acid gas which results from the combustion of solid carbon, 
‘has & most injurious effect in checking combustion within 
the furnace, for we find by experiment that flame is barely 
supported in a mixture of one part of this gas with four of 
atmospheric air. Hence the necessity for admitting inte 
the furnace at least twice the amount of air chemically 
required; and even then, if we analyze the contents of the 
chimney, we shall find from one fourth to one-half of the 
oxygen which entered the fire still free and uncombined, 
mixed up with the products of combustion. 


tess of Heat attending the Combustion of the Inflammabie 
\fases.--Now, as the whole of the air thus supplied in 
excess must be heated to a very high temperature before 
the combustion of the inflammable gases in the furnacd 
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fan ensne, much hest Is this unavoidably wasted--so 
tuch, indosd, that it is now well ascertained thet the 
evaporative value of a bituminous coal producing a large 
quantity of puseous matter is very little, if at all, superior 
to the evaporative value of the same coal after being coked ; 
" the heat generated by the combustion of ita volatile pro- 
duets proving, in practice, to be little more than that ex- 
pended in volatilising them, and in heating the surplus air 
required for their subsequent combustion. 


Formation of Carbonic Oxide. —-When a stinted supply of 
oxygen is furnished to the incandescent fuel on the bara, 
an imperfectly oxygenated carbonic-acid gas, named “ car- 
bonie oxide,” is partly produced, accompanied by a corre- 
sponding logs in the heat gencrated during combastion, 
As this gas is inflammable, and that at a comparatively 
low temperature, it may be burnt in the furnace, or fiues, 
by the admission of a further supply of atmospheric sir— 
otherwise, it escapes unconsumed up the chimney, where 
it may be often seen burning at the top, having caught 
fire upon coming into contact with the oxygen of the air. 
Although it may be beneficial to consume this carbonic- 
oxide, when once formed, by admitting fresh air into the 
flues behind the bridge, it is certainly preferable to pre 
went its formation altogether by using a large grate surface, 
® thin fire, and plenty of air space between the bars. 


Smoke-burning Apparatus.—Notwithetanding all that bas 
been done and written with reference to the so-called 
*gmoke- burning” apparatus, it is the opinion of those 
moat capable of forming a correct judgment on this subject, 
that by a proper construction of the furnace, and a skilful 
management of the fire, the smoke and gases may be as 
effectually, and certainly more safely, consumed, by admit. 
ting the requisite quantity of air for this purpose at once 


throngh the grate bars. 
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Reeapitulation.—It may be gathered from the preceding 
fetnarks, that some of the most important requisites te 
enture efficiency in a steam boiler are the following s+ 
ast, That the boiler should be designed with a sufficient 
amount of heating surface, so contrived that as little of it 
as possible may be rendered ineffective, either from the 
retention of steam in contact with it, from the formation of 
wcale within, or from the deposition of soot and ashes in 
the bottoms of the flues and tubes. 2nd. That the firer 
bar surface should be sufficiently large to admit of the 
necessary quantity of coal being consumed with thin and 
open fires. 8rd. That the proper area be maintained 
through the flues or tubes, and that the passage to the 
chimney be such that the draft may not be interrupted. 
4th. That the furnace should be roomy; the bars thin, 
with plenty of air-space between them; and, that the fires 
should not be longer than can be conveniently stoked. 
And, 5th (which is, perhaps, the most important requisite 
of all, and the one most neglected), That experienced and 
careful fire-emen be provided. 


Clothing Marine Boilers, found to be sometimes prejue 
dictal.--Although it must be admitted that the practice of 
* clothing” marine boilers with non-conducting materials, 
such as hair-felt, wood, &c., is in all cases highly beneficial 
for the production of steam; yet this is alleged to have 
induced, in some instances, a rapid wear in the plates of 
the boiler. This corrosion is most apparent in boilers 
which are frequently used and disused alternately, and 
takes place on the interior surface, attacking principally 
the top of the boiler and the steam chest. It is, probably, 
‘owing to the alternate wetting and drying of the plates, 
which causes the rust to scale off, and thus present a fresh 
surface for-corrosion each time that the water is blown out 
of the boiler, In the caso of an unclothed boiler, on the 
other hand, the internal surface is scareely ever “ quite dry," 
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from: the evaporation ‘being checked by the low tempers 
tare, and .the consequent saturation of the enclosed ait, 
Marine boilers which ate eonstantly in use, or which make 
long voyages only, do not experience this destructive cor. 
tosion of the steam chests to the same extent, 


Bedding of Marine Boilers —Tho manner of dedding ma- 
vine boilers ie a point of some importance, as it materially 
affects the .durability of the bottom plates. The usual 
method adopted by the Admiralty, is to form a close plate 
form of timber over the keelsons, upon which is spread a 
piaster of cement, or mastic, about one inch thick, on 
whieh the boiler is set. As this becomes quife hard, it 
prevents the bilge-water (which in wooden ships is highly 
acid) from washing up to and corroding the plates; and it 
is also intended to stop any leaks which may break out in 
the bottom of the boiler, as well as to strengthen it in the 
event of an unusually rapid corrosion taking place from 
the inside. Unfortunately, however, it is impossible to 
preserve a close contact between the iron and the cement; 
on account of their different degrees of expansion by heat, 
so that when a leak does take place in the boiler, it extends 
itself for @ large space between the two surfaces, and the 
corrosion is increased instead of diminished, Perhaps the 
best practice is to rest the boiler on saddles of cast-iron 
fixed on the boiler bearers, which leaves the battom exposed 
for examination and painting, and even for small repairs if 
recessary. In this case the bottom of the vessel under 
the boilers must be kept qyite clean and dry by the bilge« 
pumps. 


Galvanic Action.—It is necessary, both in marine engines 
and boilers, to guard against the destructive effects of gal- 
vyanic action, which ensue in all cases where two metals 
of different degrees of solubility (or possessing different 
degrees of afliuity for oxygen) are placed in juxtaposition ; 
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26, for instanee, iron and brage, when the former metal 
audidrs a rapid corrosion from being the more onidable af 
the ¢wo, while the brasa is quite protected, 

Copper Boilers-—In eases where the frequent renewal of 
boilers is attended with great expense and inconvenience, 
ihey,are sometimes made of copper, which lasts about four 
times ag long as iron. Their first cost, however, is about 
five times greater for boilers of the same weight, snd cap. 
per is only three fifths of the strength of iron when cold, 
or less than half its strength at 500° Fahrenheit. Iron, on 
the contrary, increases in strength from 82° to 550°, when 
its strength is believed to be at a mazimum. It is evident, 
however, that although a copper beiler is not so strong a 
& new iron one of the same weight, it retains its original 
strength unimpaired for a long time, whilst the iron boiler 
is every day becoming weaker by corrosion. An iron boiler, 
when new, has thus # great superabundance of strength, 
to allow for the wearing of the plates by use; and it must 
on no account be forgotten, that a boiler which may show 
no symptoms of weakness on being first used under a 
pressure of 20 pounds on the square inch, may be very 
unfit to work at this pressure after a couple of years’ ser 
vice. As copper conducts heat more readily than iron, in 
whe ratio of 2'4: 1, a copper boiler does nok require 90 
tauch heating surface as an iron one, Also, after the 
sopper boiler is worn out, the old material is still valuable, 
whereas the price obtained for the scrap iron is little move 
than what i¢ costs to break up ay old iron boiler, 
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_ nie sexx BOILER: MANAGEMENT Of TiS YIRES. 


“The shilful Moaupewent of the Machinery necessary, for ite 
Efficiency. ——Having endeavoured to show in afew words what 
the machinery of a steam vessel ought to be, we proceed to 
consider, in the next place, how it may best be used; for, 
notwithstanding all the talent and perfection of werkman- 
ship which may be displayed by the constructor, it still rests 
mainly with those to whose care it has been entrusted whe- 
ther this costly machinery shall give satisfaction or not... 


Economy of Steam ts the main Question.-The economical 
working of .an engine. evidently depends upon the quantity 
of steam which is required to doa given quantity of work, 20 
that the whole question resolves itself into this, how can we 
best save steam ? This question; again, naturally divides itself 
into two heads, ‘which are really quite distinct, though too 
often. associated together ; namely, the production of steam . 

in'the boiler, and its subsequent use ‘in the oe we 
shall therefore consider those separately. 


The Generation of Heats in the Furnaces,—The economy ae * 
steam boiler is again sub-divided into the generation of heat 
by the combustion of the fuel in the furnace, and the subs 
@eqaent adsorption of this heat by the water, as has .beon 
already commented upon. As the latter is beyond the con- — 
abrol of those in charge of the machinery, fexoept in keeping 
the surface of the flues and tubes as clean as possible,). we 
shall not further aevert to it, but ss pass on to — Male 
~— ofthe furnace, : 
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Management of the Fires.—The management of the fires 
on board a steam vessel affects the question of economy in 
the consumption of coal to so great an extent, that the im- 
portance of skilful firemen cannot be too much insisted 
upon. It is a great mistake to suppose, as toa,many cap- 
tains and owners of steam vessels do, that any able-bodied 
man who can throw coals on @ fire is fit for a stoker;.and 
under this false impression, sailors are frequently engaged, 
fnstead of regular firemen, “to stoke when required.” The 
wnly cases in which this should be allowed are, perhaps, ih 
wuxilinry-screw vessels, and in such vessels as may be ex- 
pected to make a considerable portion of their voyage under 
canvas; but even in such cases there should always be one 
‘well-trained fireman for each watch to have the charge of 
the other stokers. This man should be kept constantly at 
his post, and must not be liable to be called away while the 
vessel is under steam, except in cases of emergency ; and he 
should receive a higher rate of pay than the other atokers, 
if it were only for the purpose of giving him the necessary 
authority over them. 


Effects of Mismanagement.—Thus, many instances of 
ateamers are to be found at the present day in which the 
same quantity of coal is regularly burnt per hour, whether 
the engines are going fast or slow; whether forty cylindexs 
full of steam are used per minute, or only thirty. In such 
a case, one quarter of the fuel is thrown away through ig- 
norance of the despised art of stoking; for the firemen may 
have either allowed the surplus steam generated to blow off 
at the waste-steam pipe; or they may have thrown open thé 
fire doors, by which means the steam is only prevented from 
being generated by the rush of cold air which takes place 
through the fines, while the same quantity of coal is burns 
ae efare, 


Feeding the Furacees.—Boilers of the proportions most 
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wsdally adopted by constructing engineers are anited for 
the combustion of from 15 to 18 pounds of coal upon each 
foot of grate surface per hour. In applying this fuel, it is 
found most advantageous to throw on at one time a supply 
to last for about 12 minutes, the furnace door being opened 
in about eight minutes after the fire has been fed, to see 
how the coal is burning; and if any part of the grate has 
burnt bare, a little coal must then be quickly and skilfully 
thrown over that piace; or should the coal appear to lie too 
thickly at any part, it must be levelled with the “rake.” , 


Clearing the Bars.—In the case of a very bituminous coal 
it is often found necessary to open or break up the fire at this 
time, owing to the tendency of such a coal to cake on the 
bars, and thus prevent the passage of air through them; 
but this may be obviated to a certain extent by keeping the 
fires thinner with bituminous coal than would otherwise be 
desirable. 


Keeping the Fire Doors shut.—As it is of the utmost im- 
portance that the fire door should not be open longer than 
necessary, since the cold air which then rushes in acts most 
prejudicially and by absorbing heat from the flues, the 
experienced fireman will study to dress his fire, in the first 
instance, so as to demand as little interference as possible 
between the times for throwing on fresh fuel, or “firings 
up,” as it is termed. 


Levelling the Fuel. —The fires should be kept of s mode- 
rate and. equal thickness throughout, and as the firemen are 
very apt to heap up coals at the far end of the bars, it is a 
good practice to make each set of men, before leaving their 
watch, lay the rake or pricker along the surface of each fire 
quite back to the end of the furnace, in order to find whee 
ther the thickness of the fuel is uniform or not, Should 
any of the fires then want dressing, the firemen under 


AG .° SW MARINE DOLLER 


aahcve charge they ane shoukd be forced to remain wmtil these 
fines have been brought to 8 regular and proper thickners. * 


Hach Watch to leave thew Fires clean.—¥t is the general 
ipraeties for each set of men on first beginning their watch 
ée clean their fires and clear the bars of all clinkers or 
vitreous matter, according as each fire burns down for the 
rat time after taking charge. By this means the men are 
anade responsible for the condition and efficiency of their 
own fires during their watch; and before leaving, they 
should clear out the ashes from the ash pits, collect the cin- 
ders to be re-burnt, and throw the refuse overboard. 


Forcing the Fires is expensive of Fuel.—If it is found that 
the boilers do not generate the requisite supply of steam, it 
will then be requisite to urge the fires to a greater extent by 
the frequent use of the “slice,” which is inserted from under 
neath between the bars, in such a manner that the coal is 
raised and broken up, and a larger supply of air is per- 
mitted to pass through. It is evident, however, that in this 
case a considerable waste must onsue from cinders falling 
through the bars into the ash pit before they are thoroughly 
consumed, and these cinders cannot now be agai: thrown 
on the fire, bocause it is necessary that the combustion 
éhould be as bright and aotive as possible, in order to “keep 
the steam.” 


The Cinders to be re-Lurnt when practicable-—Tence this 
valuablé fael is thrown overboard; but in well-constructed 
Boilers of sufficient capacity for the easy supply of the en- 
gines, # considerable economy will result from carefully 
separating the cinders from the ash and re-burning them. 
When using Welsh or other coals that are easily broken, 
it becomes of special importance that the fires should be 
allowed to born regularly, without being frequently broke 
up or disturbed, for as these coals contain » large propor 
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tien ef enal? and dust, this would be entirely lost by filing 
through ¢be bors were the fires mueh worked. When, on 
She contrary, this small coal ia thrown ever the fira and 
allowed to cake, it then becomes ayailable; bub as it 
derdens the fire when first thrown on, this cannot be done 
unless the boilers are large enongh to generate a sufficient 
supply of steam with “dead” or slow-burning fires. 


Superior Economy of Large Boilers.—Hence arises a prine 
cipal source of economy from the use of boilers of ample 
capacity to generate the steam withont the fires being une 
duly disturbed, and it is believed that on this ground alone 
can the alleged superiority of slow over rapid combustion be 
maintained, in cases where the flue surface iv supposed 
sufficient to absorb all the heat generated. 


The Boiler Power is usually subdivided into Sections.—In 
large steam vessels the boiler power is usually subdivided 
into three or four sections, each independent of the other, 
and eapable of being connected together, or disconnected, 
at pleasure. In such vessels it frequently happens that the 
full steam power is not required, so that a fourth part, or 
even a half of the steam which the boilers are capable of 
generating, may be dispensed with. When this is the tasé 
it is the usual practice for the engineer to disuse either ond 
or two of the boilers altogether, urging the remaining sem 
tiona so as to make them generate the full quantity of 
atesm of which they aro capable. 


How to manage the Boilers when full Steam ia not wanted: 
«uit is now recommended, however, that instead of disusing 
due of the three or four boilers, they should all be kept im 
use, the fuel being burnt slowly and equally upon the Area, 
By this means not only will the fuel be used more economi- 
cally im thé furnaée, but an additional advantage will be 
dsrived from the flue or tube surface (in & marine boiler 
atware more or less insallicient), which will now be enabled 
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$6 absorb more of the heat generated. In lhe maunet, 
avhere oxe half of the steam power is sufficient, dhe only of 
She for sectione should be disused. This is considered 
preferablé to using all the four in such a case, as it is dif 
Genlt in practice to carry out the system of stow combustion 
to ite extreme limits; because, when small quantities of 
coal are spread over the fires at long intervals between, 
they are apt to burn into holes and admit the entrance of 
jets of cold air, which rob the flues of their heat. If, how- 
ever, the engineer in charge can surmount this difficulty 
either by skill in managing the fires, or by bricking over a 
portion of the grate surface in each fire (which is perhaps 
the best mode of proceeding), he might then continue to uee 
all the four boilers with decided advantage. 


Lord Dundonald’s Experiments on Slow Combustion in Ma- 
rine Boilers.—The beneficial results which may be obtaitied 
from slow combustion, combined with large absorbing sur- 
face, in a marine boiler, have been clearly proved in a series 
of experiments conducted by Lord Dundonald, to whose in- 
ventive genius in mechanics, and steady perseverance in 
earrying out his projects, every engineer who has been 
brought into contact with him must bear evidence. The 
weight of water evaporated by one pound of coal in marine 
boilers of the usual proportions varies from eight ta ten 
pounds, whereas in those constructed by Lord Dundonakt 
for the “Janus,” 12 lbs. were evaporated. This high re« 
sult was attributed by his lordship to the more effeatual 
burning of the coal by “slow combustion,” combined with 
& peculiar arrangement of the flues and tubes constituting 
the abserbing surface of the boiler, which, it must be kept. 
ia mind, was nearly double the size usually allowed for the, 
supply of the same quantity of steam, 


Experiments with a Tubular Botler in Woolwich Doekyard,, 
—Y'o form 8 comparison with these resulta, therefore, thé 
furnaces of & common tubular boiler, such as are used in, 
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* 
the Royal Navy, and which was at the time lying in Wool- 
wich dockyard, were partially bricked up—the absorbing 
surface remaining the same as before. The result now ob- 
tained was quite equal to that from the boilers of the 
* Janus,” although the rate of combustion per square foot 
of grate-bar surface was more rapid in the case of the Wool- 
wich boiler. It is evident, therefore, that this boiler, when 
altered, was in precisely the condition into which marine 
boilers, not required to generate their full quantity of steam, 
may and should be brought by the engineer in charge, 
whenever the occasion presents itself. In the above in- 
stance, a saving of about one third of the fuel was thereby 
effected, although, as a necessary consequence, the quantity 
of steam which the boiler was capable of producing in a 
given time was drminished to nearly one half. 

The experiments above referred to are of considerable 
value, as indicating the economy of slow combustion on the 
bars of a marine boiler (when this is practicable), as well as 
the relative effect’ on the evaporative power of the boiler 
produced by a progressive diminution of the grate-bar sur- 
face, as will be seen from the subjoined table. 


Dimensions and Description of the Experimental Boiler.— 
The boiler experimented upon was an eighty-horse tubular 
marine boiler of the ordinary construction, with horizontal 
tubes over the furnaces. Its extreme measurements were 
9 ft. long by 8ft. 6 in. wide, covering an area of 764 sq. ft. 
in the vessel, or ‘956 8q- ft. per horse power. It had 3 fires, 
each 8 ft. by 2 ft. 2 in., affording 93°6 sq. in, grate surface 
per horse. The total “ effective” heating surface, after de- 
ducting one third for the bottoms of tubes, was estimated 
at 18 sq. ft. per horse power. There were 176 iron tubes, 
each 8 in. outside diameter and 6 ft. long. The boiler was 
12 ft. 2 in. high, and the furnaces 2 ft. 10 in. high. Capacity 
for steam was 167 cub. ft. Total space occupied by the 
boiler, 761 cub. ft. Total evaporating surface in the boiler 
estimated at 1057 sq. ft. _ 
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Dimensions of the Boilers of the “Janus.""-—There were four 
boilers originally in the “Janus,” each measuring 12 ft. 2 in. 
by § ft. 4 in. and covering an area of 406} sq. ft. in the ves- 
sel, and three fires in each boiler, each 6 ft. by 2 ft. 1¢ in. 
The boilers sre 14 ft. high to top of steam chests; the 
total space occupied 4738 cubic feet. The total evaporating 
surface, measuring the outside of the tubes, as in the Wool- 
wich boiler, is 5187-4 sq. ft. The North-country and 
Welsh coals having been mixed in the stores at Chatham 
dockyard, where the trials were ordered to be made, it was 
necessary to select by hand, lumps of Welsh coal for the 
trials; and, to render the comparison fair, this was done 
in the latter trials of the Woolwich boiler also. From this 
cause the results in both cases are beyond the average, 
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Stow Combustion generally impracticable in Marine Boilers. 
~-In order to carry out this principle in the case of steam 
vessels constantly using their full power, the boilers would 
have to be made nearly double their present size, which of 
course in most vessels is wholly impracticable, and is eer- 
tainly not to be recommended in cases where the full supply 
of steam is rarely wanted. From a pamphlet of Captain 
Ramsay's we find that the “Terrible” steam frigate used 
her full steam, and lighted all her fires, on one occasion 
only—and that for a trial of speed. 


Regulation of the Drafét.— Where it is not convenient to 
lessen the grate-bar surface by bricking up the bars at the 
further end, the same object may be effected, though cer- 
tainly not so economically, by checking the draft. With 
this object in view, every boiler should be provided with 
damper doors upon the mouths of the ash pits, accurately 
fitted, and furnished with the means of regulating with 
nicety the amount of air entering beneath the bars, or, if 
necessary, of excluding it altogether. Dampers are besides 
fitted at the foot of the chimney, but these are not so com- 
pletely under control, nor do they admit of the draft of each 
fire being regulated separately. 


Banking up the Fires.—Cases frequently occur in which 
it becomes an object to check the rapid formation of steam 
for a longer or shorter period, but at the same time to re- 
tain the power of getting up full steam and starting the 
engines again on the shortest notice. This is done by 
pushing the burning fuel back against the bridge, and co- 
vering it with wetted small coal and ashes, by which 
means the fires will be kept in a smouldering state, ready 
to be broken up and spread over the bars when the order is 
given to get up the steam. But as this process requires at 
least twenty minutes before the fires can be brought to 
their proper state of efficiency, it is better, when such no- 
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tice cannot be reckoned upon, merely to push back the fires 
and heap them up against the bridge, raking them forward 
again when required. 


To get the Steam up rapidly.—It is of great importance 
when wishing to get up the steam rapidly, to take care that 
the fire bars are so covered by coal, that a current of cold 
air is not allowed to pass through the flues, mixing with the 
small quantity of smoke or products of combustion at first 
formed. Every thing should be done to facilitate, or if 
possible cause a draught of air into the ash pits. 


No Water to be thrown in the Ash Pits.—It is a most 
reprehensible custom amongst firemen, and one which 
should not on any account be permitted, to throw water 
upon the ashes in the ash pit. They should be drawn out 
and the best of them, roughly separated by the shovel, be 
thrown again upon the fire, while the remainder should be 
drawn well away from the boiler and gradually quenched 
with a stream of water from a hose, so as not to fill the 
engine-room with steam and dust, nor keep the front of the 
boilers constantly wet, so as to corrode and destroy them at 
this spot. 
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CHAPLIEN V. 


THE MARINE BOIBER: MANAGEMENT OF THE WATER 
AND STEAM. 


Supply of Water to the Boilere.—The keeping up a due 
supply of water in the boilers demands the utmost care 
and watchfulness on the part of the engineer, for should the 
iron in any place be allowed to become red-hot from want 
of water, an explosion is almost inevitable. The immediate 
effect of the heat upon the unprotected plates is to warp 
and distort them, causing them cither to separate at the 
joints by the giving way of the rivets, or to be torn asunder 
by the elasticity of the steam acting upon the distorted and 
softened surface. Explosiins have also frequently taken 
place from water having been too suddenly admitted to the 
hot plates in the eagerness of the engincer to make up for 
his previous neglect, when stcam is generated so rapidly 
that the safety valves are insufficient for its escape. It is 
said that in such cases a portion of the water, becoming de- 
composed into its elements by contact with the red-hot 
iron, may form an explosive compound of oxygen and hy- 
drogen gases, which, on ignition, causes the explosion. But 
whatever the theory, the fact itself is indisputable that 
explosions do frequently occur in this way, and should the 
engineer ever find himself in such a predicament he must 
instantly draw his fires, and thes add water very sparingly 
and cautiously until the plates be again cool. 


The Water Tevel must not rise too high.—Danger of ano- 
ther kind is to be apprehended if the water level is allowed 
to rise too high in the boilers, for the wuter may then boil 
over into the steam-pipe, or if the steam space be already 
somewhat contracted, it may. increase the “priming” of the 
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boilers to a dangerous degree, for nothing is found to tend 
more to this most troublesome evil, than too limited steam 


room. 


Water Gauges—To guard against such accidents as 
these, every boiler is fitted with two different sets of appa- 
ratus for indicating the water level, and thereby guiding the 
engineer in the admission of the feed. These are called 
the “glass water gauge,” and the “ water-gauge cocks.” 


Glass Water Gauge.—The first apparatus consists of a - 
glass tube about 18 inches long, fitting 
into brass sockets at top and bottom, 
by which it is connected vertically to 
the front of the boiler, in such a posi- 
tion that when the boiler is filled to 
the proper height, the water level may 
coincide with the centre of the tube. 
This tube is furnished with three stop- 
cocks, one at r, leading from the top 
into the boiler above the water level, 
=: another at r from the bottom into the 
boiler delow the water level, and the 
third at s, leading from the tube itself 
into the stokehole through a small pipe. 
When a communication is opened 
: therefore, at a a, between each end of 
the tube and the boiler, the water being subjected to the 
same pressure of steam as,within the boiler, will stand in 
the tube at the same height, thus accurately showing the 
water level, As the tube, if left to itself, is apt to become 
choked with salt or deposit (especially if the water be dirty), 
the third cock is provided, and by occasionally opening this 
the rush of. steam and water through it clears away all ob- 
structions. Should there be much ebullition at the part of 
the bniler where the gauge is fixed, the level of the water in 









‘<3 
——_ 
— * 
ee 
. s 
; 









i 1 
ru 


—— 
f 





F 
il 









ee 
ned sp 
fi 


al 


7 


i 
i 
, 


58 SUE MARINES BOILER: ° 


the gtaes will be very unsteady, and this must be remedied 
if possible by leading a small pipe from the top of the tube 
into the crown of the boiler, where the steam is dryer, and 
at the same time sinking another small pipe from the 
bottom of the tube mto soma place where the water is less 
agitated. It is also of importance that the gauge be fixed 
nearly in the centre of the front of the boiler, so as to be 
as little affected as possible by the rolling motion of the 
vessel. The last two remarks apply equally to the brass 
gauge cocks. 


Brass Gauge Cocks.—In case of accident to the glass 
water gauge three gauge cocks are fitted besides, one above 
the other, at six or eight inches distance between, the mid- 
die one being placed at the average water level of the boiler. 
Upon opening these therefore, successively, steam ought to 
issue from the upper one, water and steam from the middle 
one, and watcr alone from the bottom cock, and any varia- 
tion from this will clearly indicate that the water is either 
too high or too low in the boiler. These cocks should be 
frequently opened, as they are also liable to become choked 
up with salt or deposit. As the surface of the water in the 
boiler is generally at a higher level than can be conveni- 
ently reached from the firing stage, the gauge cocks may 
be fixed at any convenient height to the front of the boiler, 
and pipes led up inside to the respective heights, 


Only One Feed Pump to be worked—Although each of 
the feed pumps is made capable of supplying the full quan- 
tity of water required by the boilers, it is nevertheless the 
practice in many steam vessels to keep both the pumps 
constantly at work, the surplus water which is rejected by 
the boilers being returned to the hot well, or thrown over- 
board. This practice, arising from an over-anxiety for an 
abundant supply of feed water, is much to be deprecated, as 
when the pumps are both kept working, a partial failure in 
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either of them may eseape detection until one meets with 
an accident, and 1s rendered useless, when it is probably 
found that the other pump is also out of order, and is insuf- 
ficient to do the full duty alone. In such & case recourse 
must be had to the supplemeggary pumps, which are always 
fitted for the purpose of feeding the boilers when the en- 
gines are not at work. 


Amount of the Brine abstracted.—We have already ad- 
verted to the necessity which exists for abstracting from 
the boiler a certain proportion of the super-salted water, in 
order to prevent the deposition of scale or salt upon the 
plates. The amount thus abstracted, or “ blown off,” as it 
is technically called, varies with the quantity of the salt 
and other impurities contained in the water, but this may 
be stated to be on an average about one-fourth part of the 
whole feed water admitted. 


Proportions of Salt in Sea Water from different Localities. 
—According to Dr. Ure’s experiment, the largest propor- 
tion of salt held in solution in the open sea is 38 parts in 
1000 (by weight), and the smallest 32. In a specimen 
brought from the Red Sea, 43 parts were found, the specific 
gravjty of the water being 1:035. The Mediterranean con- 
tains about 38 parts, the British Channel, 35:5; the Arctic 
Ocean, 28'5 ; the Black Sea about 21 ; and the Baltic only 6:6. 


Analysis of Deep Sea Water.—The same authority states 
that deep sea water, from the ocean, from whatever locality, 
holds nearly the same congtituents in solution, containing, 
on an average, in 1000 parts, 


25 of Chloride of Sodium (common Salt). 

5:3 Sulphate of Magnesia. 

3°5 Chloride of Magnesium. 

0:2 Carbonates of Lime and Magnesia. : 
0'1 Sulphate of Lime. 
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béwides 9 little sulphate and muriate of potash, iodide of 
sodium, and bromide of magnesium. 


Blowing-of.—Tho operation of “Blowing-of” is per- 
formed sometimes by hand 9% rogular intervals of half-an- 
hour or more; but a preferable system has been for some 
time introduced by which the brine is constantly and uni- 
formly abstracted, in a fixed and determinate proportion 
to the feed water, by means of a sep of “ brine-pumps,” 
worked by the engine. 


Brine Pumps.—This arrangement, introduced by Messrs. 
: Maudslay and Field, has been fur- 
ther improved by Messrs. Seaward, 
who connect the valve for the exit 
of the brine with that for the ad- 
mission of the feed in such a man- 
ner that the two open and shut 
simultaneously; and, as their areas 
are proportioned to each other in 
the proper ratio, no more brine 
escapes than is demanded by the 
evaporation of the water. The brine- 
, pipe is further fitted with a stop- 

cock for its better regulation, or in 
Sp ae case it may be wished to shut it off 
altogether when using fresh water in the boilers. 





Lamb’s Blow-off Apparatus.—Another mode of blowing- 
off has been successfully introduved into the boilers of the 
Peninsular and Oriental Steam Navigation Company, by 
Mr. Lamb, their resident Engincer. This consists in blow- 
ing off partly from the surface, in addition to the usual 
method from the bottom, by which means many of the par- 
ticles of insoluble matter, of which the scale is formed, 
which are ballooned up to the surface on bubbles of steam, 
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are caught and removed from the boiler before they have 


an opportunity of aggregating and falling to the bottom, 
This apparatus, represented in the subjoined cut, may be 





INSIDE BS 
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Lamb’s Surface Blow-off Apparatus. 
made self-acting by means of a float, a, which, rising or fall- 
ing in proportion to the amount of feed water admitted, 
opens or closes the blow-off pipe, e. 


The Refrigerator—The hot brine, ejected by the brine 
pumps at a tempcrature of perhaps 218° is generally made 
to pass through a cylindrical vessel, called the “refrigerator,” 
containing ® number of copper tubes through which the 
feed water, at a temperature of about 100°, circulates on its 
way from the hot well tothe boiler. A considerable por- 
tion of the heat of the brine being by this means transferred 
to the feed is again returned to the bviler, and a propor- 
tionate saving in fuel is effected. 


Attempts made to Supersede Blowing off.—It has been 
attempted in various ways to modify the usual manner of 
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blowing off, with the view of saving a portion of the fuel 
cangumed in bringing the ejected brine to the boiling 
point. 


By Mechanical Means.—These have been either mechani- 
eal contrivances for collecting the insoluble particles at the 
surface of the water, and preventing their solidification at 
the bottom by agitation with foreign substances introduced 
for that purpose ; or else 


By Chemical Means.—A. chemical solvent has been added 
to the water of the boiler, which it is intended shall act 
upon its mineral impurities without injuriously affecting 
the iron plates, The utmost that can be done, however, by 
even the most successful of these schemes, is to prevent the 
formation of a hard crystalline scale; the impurities being 
now deposited in the shape of a loose powder from a state 
of mechanical suspension in the water. This powder, then, 
must still equally be removed by partial blowing off, if we 
would preserve the water from loss of heat by imperfect 
conduction, or the plates from danger of being burnt. For, 
since pure water alone can leave the boiler in the form of 
steam, it follows that all the forcign constituents must 
remain behind, however they may be disguised by solution 
in an acid ; and, unless this mineral solution be removed too, 
it must of necessity reach a limit at which the bases will be 
deposited, the point of saturation being deferred in propor- 
tion to the solvent power of the acid employed. It is also 
the case, as we shall presently see, that the greater the 
degree of saturation the more heat is required to bring the 
water to the boiling point, and the hotter, therefore, is that 
portion of brine which must, under any circumstances, be 
got rid of. There is also danger to be apprehended from 
the chance of an improper or too powerful solvent being 
employed, which may act injuriously upon the materials of 
the boiler. 


t 
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The Brine Pumps are found to be perfectly efficient at a tri- 
fling Expenditure of Fuel* (see p.69).—Hence it arises that 
the regular and constant blowing off by the brine pumps1sin 
every respect the best that can be adopted, and when this 
operation is properly performed, the boilers may be kept per- 
fectly free from scale at a comparatively trifling expenditure 
of fuel—not exceeding 4 or 5 per cent. of the whole fuel burnt. 
For it must be kept in mind that the brine blown off has had 
ita temperature raised by about 120° only (from 100° to 220°), 
a considerable part of which is given back to the feed water 
during its exit through the refrigerators. Had this water 
been converted into steam (it is true), and absorbed heat 
in a latent form, the case would have been very different. 


Salinometers.—Since the freedom of the boiler from scale 
or deposit depends, as we have seen, upon the greater or 
less degree of saturation of the water, it is an object of 
much importance to be able to test the saltness of the 
watcr with case and ccrtainty. This may be done in two 
ways, each of which the engineer should have the means of 
trying from time to time; namely, by ascertaining the true 
boiling point of the water at a given pressure, and by finding 
its specific gravity at a given temperature—the strength of 
the solution maintaining a fixed and known relation to its 
boiling point, and specific gravity. The instruments to be 
used are therefore the Thermometer and the Hydrometer. 


The Thermometer used as a Salinometer.—In using the ther- 
mometer for this purpose an instrument must be selected in, 
which the scale is graduated jn large degrees, capable of being 
subdivided into quarters, at least; but the scale need not 
extend beyond twenty degrees above and below the boiling 
point of water. Such thermometers are in use for ascertaining 
the heights of mountains, by observing the temperature at 
which water boils at the top. This fact, of itself, plainly de- 


* Mr. Dinnen’s Paper on Boilers, &c., in Vol. III., new edition, of 
Tredgold on the Steam Engine. 
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mongtrates the dependence of the boiling pomt of liquids 
upon the pressure, and it is therefore necessary always to 
take the pressure of the atmosphere into account. "When 
we say that water boils at 212°, it is understood to mean 
when subjected to the usual pressure of the atmosphere, 
indicated by a column of 30 inches of mercury in the 
weather barometer at the level of the sea. 

The following Table shows the boiling point and specific 
gravity of sea-water (at 60° Fahr.) of different degrees 
of saturation expressed in parts of salt contained therein, 
the barometer indicating 80 inches of mercury. 


Saltness. Boils. Sp. gr. 
Pure Water . : , 0 212° Jj» 


Common Sea Water «ss 213°2° 1-029 
¥e 214:4° 1°058 
vr 215°6° 1°087 

Up to this point no de- 

posit willbe formed . = vs 216°7° 1°116 


vs 217°9° 1°145 
%& 219°1° 1°474 
¥ 220°3° 1°203 
i 221°5° 1-232 
ws 222°7° 1°26} 
45 223°8° 1°290 
3 225°0° 1°319 
3 226°1° 1°348 saturated solution. 
Asa general rule, the atmospheric boiling point of the 
water should never be allowed to exceed 216°, The tem- 
perature must be ascertained, by drawing off a small quan- 
tity of the brine, and boiling it in a deop copper vessel in 
the engine room, a correction being made, if necessary, for 
the state of the barometer. 
The following Table shows the height of the boiling point 
in Fahrenheit’s scale at different heights of the barometer. 


Barometer, Barometer. 
loches. Boiling Point. Inches. Boiling Point. 
27 206°96° — 28 208'69° 


27% 207°84° 28% 209°55° 
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LDarometer. Barometer. 

Inches. Boiling Point. Tuches. Boiling Point. 
29 210°38° 804 212:°79° 
294 211:20° 31 213 67° 
30 212° 


* 


Tt will be seen that if we would preserve the water of the 
boiler at a degree of saturation indicated by gy of salt; we must 
blow off one half of the feed water; if at vs, then one third 
must be blown off; at s%, one fourth, and so one. We have 
said that sy is the highest degree of saturation that should 
be permitted. 


The ITydrometer used as a Salinometer.—The hydrometer 
employed for measuring the density of water, or other 
liquids, consists of a hollow ball of glass or metal from which 
there mses a tall stem graduated with degrees, and ballasted 
so as to swim upright, the graduated stem being more or 
less immersed in proportion to the density or specific gra- 
vity of the liquid. The brine, therefore, increasing uniformly 
in density according to the salt it contains, may by this 
means be very conveniently tested ; but as the densities of 
fluids vary also in proportion to their temperature, care must 
be taken that the portions of brine experimented upon have 
the particular temperature for which the scale of the salino- 
meter has been calculated. 

Annexed is a table of specific gravities of sea water at 
60° Fahrenheit, in various parts of the globe, as asccriained 
by Dr. Marcet, 


Spec. gravity. Spec. gravity. 
Arctic Ocean . . 1°02664 Sea of Marmora . 1°01915 
Northern Hemisphere 1°02829 Black Sea . 2. . 1°01418 
Equator . . . . 1:02777 White Sean. . © «=(1°01901 
Southern Hemisphere 1°02882 Baltic . . 2. . » 1:01523 
Yellow Sea . . . 102291 Ice Sea Waters . . 1°00057 


Mediterranean . © 1°02930 Dead Sea. ~ e @ 1:21 100 
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The specific gravities corresponding to various degrees of 
saturation of the sea water have been already given. 


Seaward’s Salinometer.—To obviate the inconvenience of 
withdrawing the water from the boiler, in order to test its 
specific gravity, Messrs. Seaward have invented a salinometer 
of which the following is the description. It consists of a 
strong glass tube of about three-quarters inch bore, and four- 
teen inches long, firmly fixed at each end in a brass frame, 
to which are attached four cocks, one at each end and two 
at the side. By the two latter cocks the instrument is 
attached to the front of the boiler, being fixed at such 6 
height that the water line in the boiler may show its level 
in the glass tube. Now, upon opening the two cocks which 
are attached to the boiler, the water will rise up from the 
bottom of the boiler, by a pipe attached to the lower cock, 
to the same level as in the boiler. These cocks are then 
closed and the upper one opened, and two metallic or glass 
balls are dropt into the tube. The ball first dropt in has 
been graduated to swim when the water of the boiler is 
one degree salter and denser than the proper degree of 
saturation; and the second ball to sink when the water has 
become one degree more diluted and lighter. 

The upper cock is then closed, and the two cocks com- 
municating with the boiler remain open. It is evident, 
therefore, that when the water in the boiler is at the degree 
of saturation intended to be maintained, the lighter ball 
will float at the water level, and the heavier ball remain at 
the bottom; and further, that any change of density will 
alter the position of the balls, the lower ball rising as the 
water becomes more saturated, and the upper one sinking 
upon the water becoming more diluted. Tho upper and 
lower cocks are for the purpose of changing and cleaning 
the balls when required, the bore of each cock being equal 
to the diameter of the balls. 
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Cases in which the Amount of Blow-off may be diminished. 
In the case of a vessel going at half speed, when the full 
quantity of steam is not evaporated, the quantity of water 
blown off may of course be proportionally diminished, un- 
less it be wished to take advantage of this circumstance 
and freshen the water in the boiler, while it may be done 
without checking the power of the engines. For it is 
apparent, that the less water is blown off so much less feed 
need be admitted to cool the boiler, and so much the more 
steam is generated. This renders it sometimes expedient, 
under critical circumstances, to stop the supply of feed 
altogether for a while, in order to ensure an abundant 
supply of steam to the engines, and it is the duty of an 
intelligent engineer to provide for such emergencies, if pos- 
sible, by having a good supply of water in the boilers before- 
hand. In making “trials of speed” of steamers this is a 
usual jockeying trick. 


In case the Blow-off Cock sets fast.—In the case of the 
blow-off cocks or any of the apparatus on board for with- 
drawing the brine from the boilers becoming choked or 
getting out of order, water must either be let out of the 
boiler by some means into the bilges, or it may sometimes 
happen that one of the systems of feed-pipes may be made 
available to allow the escape of water into the sea. 


Safety Valve, its Area.—The area of the safety valve 
should obviously be proportioned to the evaporative power 
of the boiler; but is usually made in the proportion of half 
& square inch to each horse power of the engines, which in 
the generality of cases is ample enough. 


Manner of loading.—It is loaded by the manufacturer to 
the extent best adapted for the machinery, and this per- 
manent load should not be augmented without his express 


€ 
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sanction. The steam power of the vessel being subdivided 
amongst two or more boilers, each separate boiler must 
have its own safety valve; and as the different sections com- 
municate with each other by means of stop valves, this 
constitutes an additional source of safety in case of one 
being out of order. 


Occasional Defects.—A. properly constructed safety valve 
is not liable to get out of order, although, if suffered to lie 
long in contact with its seat without being raised, it will 
sometimes stick so fast as to defy all ordinary means of 
moving it. It should therefore be frequently tested by the 
engincer, to see that it moves freely. 

With this view, and also as a ready means of relieving 
the pressure of steam without mounting to the top of the 
boiler, a sct of jointed rods lead from the firing stage to 
the bottom of the valve spindle; being so contrived that 
the engineer may push tho valve up off its seat, but at the 
same time offering no obstruction to the free rising of the 
valve by the steam pressure. It more frequently happens 
that the valve fits its seat so badly as to allow of the escape 
of steam. This should be guarded against by making the 
valve itself as solid and stiff as possible, and fixing the 
seating in a strong cast-iron valve box, which will not spring 
by the pressure of steam upon it. 


In case the Safety Valve sticks fast.—Should it happen 
that the safety valve of any one boiler becomes inoperative, 
the surplus steam will still have free passage through the 
stop valve into the adjoiming boiler, whose valve, it may be 
presumed, is in good order ; but should this means of escape 
cither not exist, or prove inadequate to relieve the pressure, 
then the blow-through valves of the engines must instantly 
be opened, so that the steam may find an exit through the 
valve casing and condenser. The fire doors should at the 
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same time be thrown open and the ash pit dampers closed, 
to check the fires as much as possible, before they are 
quenched with water, and drawn. The first indication of 
an excessive pressure is usually given by the mercury being 
blown out of the mercurial steam gauge, where such is 
fitted, this acting to the best of its capacity as a safety 
valve also. 


Steam Gauge.— The steam gauge usually fitted to marine 
boilers is a bent iron tube, like a syphon tube reversed, 
attached vertically to the front of the bviler, one of the 
orifices opening into the steam chest, and the other open 
to the external air. The tube is partially filled with mer- 
cury, which of course stands at an equal level in both legs 
of the gauge, so long as there is no pressure of steam in 
the boiler. But as the pressure upon the surface of the 
mercury in the two legs becomes unequal, it is forced down 
the one leg and up the other, until the equilibrium is re- 
stored. Hence, a depression of one inch of mercury in the 
leg communicating with the boiler is followed by a corre- 
sponding rise of one inch in tho other leg, but the difference 
of level between the surfaces of the mercury in the two 
legs is manifestly two inches. Thus, a rise of one inch in- 
dicates an additional pressure of one pound in the boiler, 
and not half a pound, as might at first sight be supposed. 
On the surface of the mercury in the open end of the tube 
there floats a light rod of wood, and this rising or falling 
with the level of the mercury indicates the pressure upon 
a fixed scale of inches or pounds, 


Vacuum, or Reverse Valve.—In addition to the safety valve 
each boiler should be provided with a vacuum valve, (of 
small dimensions,) to prevent the possibility of the boiler 
collapsing, when the pressure of steam inside falls below 
the pressure of the atmosphere. This is frequently ex- 
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perienced in boilers whose supply of steam is insufficient 
for the engines, (as it is apparent that the latter may con- 
tinue to work with a negative pressure in the boilers, pro- 
vided there be a good vacuum in the condensers,) and it 
may happen to any boiler, by a sea breaking over the decks 
and suddenly condensing the steam. The action of this 
valve is sufficiently obvious, as it is only a reversed safety 
valve, slightly loaded ; and the only attention it requires is 
to try it occasionally, and see that the spindle moves 
freely. 


Supply of Air to the Fires —The amount of air that is 
required to keep up combustion in steam-engine boilers is 
much greater than is generally supposed. For 11b. of coal, 
of average quality, 150 cubic feet of air are required for 
exact chemical combination alone, and as this can never be 
perfect, from a variety of disturbing causes, a supply of 
about 800 cubic fect is found in practice to be beneficial. 
If 8 ibs. of coal be consumed for one-horse power per hour, 
an engine of 100-horse power will require a supply of 2400 
cubic feet of air per hour, or 40 cubic feet per minute. 
Every facility therefore, by means of hatchways, wind pipes 
and windsails, should be provided and carefully attended to 
for this large supply. 


Staying Boilers.—It is usual to stay the flat portions ot 
tubular boilers with rods of about one inch square, or one 
inch diameter, from sixteen to eighteen inches apart each 
way, and flue boilers (which are not so well adapted to bear 
a high pressure of steam as tubular boilers) not quite so 
heavily. It must be borne in mind, that it is highly inju- 
rious to stay weak plates at long distances, however strong 
the stay rod may be, as the alternate distension and con- 
traction of the plate between the stays causes it to buckle 
round each stay every time that the pressure of steam is 
added or removed. 
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This action, in time, wears a furrow round the fastening 
of the stay, by throwing off the scale from the surface of 
the plate, and opening the fibre of the iron, the circular 
piece of plate to which the stay rod is attached remaining 
at the same time quite sound. 
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CHAPTER VI. 
MANAGEMENT OF THE ENGINES. 


The Bearings require Attention.—In tho management of 
the engines, the points to be most attended to are the fol- 
lowing. The bearings of all the working parts must be 
constantly attended to, and regularly lubricated with oil 
or melted tallow. Ifthe brasses are screwed or driven up 
too tight, the bearing will heat; if, on the other hand, 
they be too slack, a jar is produced at every revolution, 
destructive, if not positively dangerous, to the engine. As 
the brasses wear by the friction, therefore, they must be 
driven up to a moderate tightness by the cutters. As these 
are apt to work loose unless properly secured, it is now the 
practice to make the main cutters with a screw and nut at 
the point to prevent this. When any of the main bearings 
heat, they must be slackened and bathed with melted 
tallow and sulphur; or, if the heating has proceeded to a 
great extent, a stream of cold water from the hose of the 
hand pump should be directed upon them. The bearings 
most liable to heat are those of the crank pin and crank 
shaft; but care must be taken whilst cooling the latter, 
that the cold water does not crack the cast-iron plummer 
blocks, To avoid this, it must be thrown on very cautiously 
at first. The larger the surfuee of the bearing is in 
proportion to the friction to which it is subjected, the 
more easily it is kept cool and in good order, and the less 
oil is consumed in lubricating it. 


To test the Tightness of the Engine before starting. —The 
following method of ascertaining the tightness of the dif- 
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ferent parts of the engine subjected to steam pressure is 
recommended to be used in every case after the engine has 
been fresh packed, or has been out of use for some time. 
After getting up steam, and while the vessel is still at her 
moorings, blow through, and then, after obtaiming a partial 
vacuum in the condenser by the admission of a little water, 
watch the barometer to see how long the engine holds her 
vacuum. Ifthe condenser gradually becomes hot, while the 
cylinder ports remain closed, we know that steam is 
passing the packing of the valves; or, if the valves are made 
without packing, the steam must be passing their faces. 
The tightness of the faces of D and othcr valves may be 
tested by shutting both ports to steam, and opening the 
cocks for taking indicator diagrams above and below the 
piston, the grease cocks, or any others communicating with 
the cylinder. Ifno steam passes through these cocks when 
the throttle valve is full open, the valve faces are then, of 
course, tight. The tightness of the piston may be proved 
in the same way, by admitting steam above or below it, 
and opening the indicator cock on the opposite side. The 
injection cock may be slightly opened for an instant, to 
withdraw any steam that may have collected on the opposite 
side of the piston, so that the passage of any steam may be 
the more readily perceived. Tho tightness of most parts of 
the engine may be tested in this way without moving it be- 
yond half a stroke. 


To discover a Leakage of Air into the Engines.—The en- 
gineer must watch strictly for leaks of air into the engines, 
by which the vacuum may be vitiated; as well as for every 
leakage of steam into the engine room. If the engine 
draws air on the “steam side,” this may be discovered 
before it is set to work during the process of blowing 
through, when a jet of steam will be seen to escape; but if 
the leakage be suspected after the engines are at work, the 
engineer must endeavour to discover it, either by the 
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whistling sound of the rush of air, or, taking a lighted 
candle in his hand, pass the flame along all the joints till 
he finds it sucked in by the vacuum. Leakage in a horie 
zontal joint may be readily discovered by laying water 
along it. An air leak may also be discovered by closing the 
anifting valve and the discharge valve at the ship’s side, and 
filling the engines with steam. When the leak is found 
out, it must be stopped temporarily by driving in spun- 
yarn, or gasket steeped in red lead and oil, or other means. 


A Cure for Leaky Condensers.—If the leakage be into the 
condenser, it is sometimes convenient to allow water to be 
injected through the orifice, by which means little harm is 
done. In several cases where, during a long voyage, the bot- 
tom of the condenser has become leaky by corrosion, (often 
induced by galvanic action with the copper bolts of the 
ship’s bottom, as well as the brass foot valve, &.), 9 water- 
tight tank has been constructed at sea between the side 
keelsons. By this means the condenser and air pump are 
placed in a kind of well constantly replenished with cold 
water from the sea, which, forcing its way through the 
leaks by the pressure of the atmosphere, shares with the 
proper injection water the duty of condensing the steam— 
the injection-cock orifice being partially closed in propor- 
tion to the extent of leakage through the bottom. 


Injection to be diminished when the Ship labours much.— 
When the vessel is labouring in a heavy sea, it is recom- 
mended that the supply of injection water should be dimi- 
nished; for in such a case, where the speed of the engines 
is subject to great and constant fluctuations, depending 
upon the greater or less submersion of the wheels or screw- 
propeller, the condenser is liable to become choked with 
water, thereby causing the engines to stop. Tho effect 
of working the engines with a stinted supply of condensing 
water is, of course, that the condensers will become hot, 
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and the vacuum will be diminished; but this is a minor 
evil in comparison with endangering the machinery by 
subjecting it to too severe a strain. 


When the Injection Cock leaks.—Care must be taken, when 
the engines make a temporary stoppage, that the injection 
cock, or air pump, does not leak, and allow the condenser 
to fill with water, which causes much trouble and delay in 
starting the engines again; so, should this be apprehended, 
the sea cock must also be closed at the same time with the 
injection cock. It is also advisable to blow through at 
short intervals, to keep the condenser free of water, and 
admit a little injection water to keep up a vacuum, so as to 
be able to start upon the shortest notice. 


Advantage to be derived from the Bilge Injection Pipes.—lt 
is calculated that an engine requires about one ton of con- 
densing water per horse power per hour; and it is apparent 
that the abstraction of this large body of water from the 
bilge, in case of the vessel springing a leak, constitutes a 
very valuable property in the machinery, and one which 
has ere now saved many steamers from foundering. It is 
essential, however, that the orifice of the bilge injection 
pipe be most carefully guarded against the entrance of 
chips of wood or oakum, which, by getting into the con- 
denser, may gag the valves of the air pump, &c., and stop 
the engines, The bilge injection pipe should have no rose 
upon the orifice opening into the condenser, as such is 
liable to become choked ; sbut the water should be spread 
by striking against a flat surface, or otherwise. 


Injecting through the Snifting Valves.—Where no bilge- 
injection has been fitted, a considerable body of water may 
be admitted into the condenser through the snifting valves, 
in cage of a leak in the vessel. Should there be no means 
provided for lifting them, by stopping the injection and then 
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blowing through, they will rise from the pressure of steam 
im the condenser, when they must be prevented from closing 
again; or, should they be inaccessible, the cover of the foot 
valve, or the man-hole door of the condenser (if the water 
risa above it), should be slackened to allow the water to enter. 


To make Steam-tight Joints.—The usual mode of making 
air or steam-tight joints between two surfaces, is to inter- 
pose hemp packing, or gasket, soaked in red or white lead 
and linseed oil, the joint being made when the steam is 
down, and screwed well up when the engine gets hot. If 
the joints have been accurately chipped and filed, then 
sheet lead, thick paper, wire gauze, &c., are usually em- 
ployed, well smeared on both sides with red lead; or, if the 
joint has been planed and made perfectly true, then a little 
thin red lead is all that is necessary between the surfaces 
to make them stcam-tight. Cement joints are now almost 
wholly discarded from marine engines, and should never be 
made where there is a chance of the surfaces requiring to 
be again separated. 


How to act in case of Accident to the Engines.—The various 
accidents to which steam engines are liable are so nume- 
rous, that any directions to meet particular cases are likely 
to be fruitless. Amy engineer who expects a list of re- 
medies for every evil that may occur, whether it be to 
smother a leak in a pipe with a stoker’s fearnought dreas 
and lap it with spun yarn, or to fish an intermediate shaft, 
must be disappointed. He must rely on his own judgment 
when a flaw has shown itself, or a fracture taken place, and 
consider carefully the direction of the strain, and take steps 
$o provide for this; and also to guard against further injury 
@ the weak part should give way. Wood and wrought iron 
are the materials with which all repairs at sea must be 
a&ected, and care should therefore be taken to have efficient 
means for adapting them to use when required. No hesite- 
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tion must be felt regarding the unscomliness of a massiwe 
piece of timber to strengthen the frame of an engine; and 
the principle of the expansion of wrought-iron straps er 
bolts by heat, so as to effectually tighten them, must mot 
be forgotten. A clear perception of the principles of trase- 
ing, of leverage, and of the resolution of forces, is most 
important ; and it is by such knowledge that a good and 
thorough mechanic will show his superiority in difficulties 
over the mere engine driver. 


Test Cocks.—Small cocks should always be fitted to the 
top and bottom of the cylinders for clearing them of any 
water. They are generally constructed with a ball or reverse 
valve at their mouth, so as to allow of their being kept open 
without tho entrance of air, when there is a vacuum on the 
side of the piston with which they communicate, which 
would injure the action of the engines. 


Grease Cockse.—The grease cocks, for lubricating the pis- 
tons, must, of course, be opened only during the ascent of 
the piston, when the vacuum will suck in the melted tallow ; 
otherwise it would be forced out by the pressure of steam. 
Those grease coeks on the slides, where there is a constant 
pressure of steam opposed to them, may gencrally be made 
to act by one man suddenly closing the throttle valve of the 
engine which # is wished to lubricate, while another opens 
the grease cock at the same instant; the throttle valve be- 
ing reopened, and the whole operation performed as quickly 
a8 possible, so as not to ‘stop the speed of the engine mare 
than is absolutely necessary. 


Turning the Engines by Hand.—One of the prinsipal 
duties of the engineer, whilst in harbour, is regularly to 
move the engines round by hand through a portien of a 
revolution, in order to change the relative positions of gil 
the touching surfaces, Jt is found, that whem the inn 
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piston rod, for example, remains for even a day or two in 
contact with the brass gland, a slight, though perceptible, 
farrow is eaten in the rod by the oxidation of the metal, 
induced by the galvanic action which results from the con- 
tact of the brass and the iron. 


Galvanic Action.—The same destructive effect is produced 
in all the other parts of the machinery where copper or 
brass remains in contact with iron; but this proceeds moré 
rapidly when sea water or moisture of any kind is present, 
and according as the temperature is greater. In the ease 
of paddle engines, the wheels present a convenient leverage 
for moving the engines by hand; but, with screw steamers, 
much difficulty is sometimes experienced in effecting this, 
and it has generally been found requisite to fit some me- 
chanical contrivance for the purpose. 


Essential to have square Regulating Lines marked on Ma- 
rine Engyinee.—As spirit levels and plumb rules cannot be 
used on board ship, every thing must be done by straight 
edges and squares. Every engincer, therefore, on taking 
charge of a pair of engines, on their coming out of the 
bands of the manufacturing engineers, should see that cen- 
tre lines are scored well into the framing, at a sufficient 
number of parts, to facilitate any future examinations as to 
whether the engines have altered their position in any way, as 
well as to facilitate his putting the engines very correctly, 
when so required, at half stroke, and many other operations. 
Athwartship lines should certainly*be scored in on the cy- 
linder flanges, across the centres of the two cylinders, and 
on the base plates in beam engines, under the centre of the 
crank shafts. A fore and aft line in the centre line of each 
engine should also be scored in along as much of the base 
plate as possible, It is also usual in well-constructed en- 
gines to have four horizontal points in an athwartship line 
on the framing, dressed off so that four points in a true line 
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on the face of a straight edge may lie upon the whole of. 
them, and thus prove at any time whether the engines have 
fallen in towards each other, or fallen away towards the 
sides of the vessel. 


To adjust the Paddle Shaft.—If the eye of the crank of 
the paddle shaft be perceived to bear hard upon the con- 
necting rod brasses at one part of its revolution, and to se. 
parate from them at another part, the engineer may know 
that the centre of the paddle shaft is out of line with the 
centre of the intermediate shaft. To rectify this defect, 
place the engines on the top stroke and measure the distance 
accurately between the faces of the two cranks at the side 
of the crank pin, then put the engines on the bottom stroke 
and measure the distance at the same place. If the dis- 
tance at the bottom be less, the outer end of the paddle 
shaft must be too low and require to be raised, Subtract 
the one distance from the other, and take one half of the 
remainder, and say, as the length of the crank is to the 
length of the paddle shaft, from the face of the crank to the 
centre of the outer bearing, so is this half-remainder to the 
amount that the outer bearing requires to be raised. Other 
examinations as to whether the crank and paddle shafts are 
true to each other, in other respects, can be made in a simir 
lar manner. 

To replace the Levers on the Valve Shaft if carried away.-— 
The length of the valve lever is the distance from the centre 
of the valve shaft to the “centre line of the valve spindle, 
with the addition of half of the versed sine of the are 
through which it vibrates. The length of the gab lever 
must bear such proportion to the length of the valve levar 
that the traverse given to it by the excentric shall produce 
the requisite amount of motion in the valves. The throw 
of the excentric, multiplied by the length of the valve lever, 
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must always be equal to the travel of the valves, multiplied 
by the length of the gab lever. 


To fixe the Gab Lever on the Valve Shaft.—The valve lever 
or levers being fixed upon the shaft, it must then be put in 
place on the engine, and turned round till the centre line of 
the valve lever is at right angles with the centre line of the 
vatve spindle. The shaft being fixed in this position, the 
gab lever is now to be put upon it in such a position that 
its centre line will be at right angles to a line stretched from 
the centre of the intermediate shaft to the centre of the gab 
pin on the end of the lever. 


To find the Length of the Excentric Rod if carried away.— 
Place the valve shafts with the valve lever at right angles 
to the centre line of the valve spindle, and then measure 
the distance from the centre of the intermediate shaft to 
the centre of the pin of the gab lever, and this is the length 
from the centre of the ring of the excentric rod to the centre 
of the gab at the other end of it. 


To replace the Stops on the Intermediate Shaft for driving 
the Excentric.—The excentric rod being out of gear, place 
the engines at top stroke, and place the valves in the pasi- 
tion in which they ought then to be, that is, with the reqai- 
site amount of lead open to the steam. Now move the ex- 
centric, which is loose upon the shaft, in the direetion in 
which it would revolve, if the engine was going a-head, until 
the excentric rod drops into gear the position of the stop 
for going a-head may now be marked upon the shaft, to 
meot the face of the stop upon the excentric block. The 
gab of the excentric rod being taken out of gear again 
without the engines or the valves having been moved, the 
exeentric block is now te be turned back, in the direction in 
which it would be revolving if the engines were going 
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astern, and the excentric rod will again drop into gear as it 
comes round, and this, in the same manner, gives the posi- 
tion of the stop upon the shaft for going astern. 


Essential to know the Posttion of the Steam Valves from 
External Marks.—The valve red being generally so fitted 
that its length can be varied with facility for the sake of ad- 
justment, it is essential that there should be a ready means 
of testing the correctness of its length at any time. This 
can only be done by a mark upon the rod, above the gland 
of the valve bonnet or cover, this mark being made when the 
valve is at its mid-stroke, at a certain known distance above 
a mark on the flange of the valve casing or some other fixed 
portion of the engine framing. These marks are generally 
made by a centre punch well struck in, and a record of the 
required distance is made by another mark on the valve 
casing or framing at the required distance. If the valve be 
placed at mid-stroke, the valve lever may now be connected 
with it, the only care requisite being that the centre line of 
the valve lever shall be at right angles to the centre line of 
the valve rod, when the valve is in this position. If any 
doubt is entertained of the correctness with which the parts 
in question have been originally constructed, due examina- 
tion of the steam ports and valve faces must be made, and 
the length of the valve rod and the marks tested. It is 
sometimes convenient to have a mark made on the framing, 
or some other rcady means, by which it may be known when 
the valve lever is at right angles as stated. 


CHAPTER VII. 


USE OF THE EXPANSION VALVE, INDICATOR, AND 
DYNAMOMETER. 


Principle of Expansion.—If steam be supplied to the 
cylinder of an engine at a uniform density during the 
whole length of the stroke, the resistance bemg at the same 
time uniform, the piston will move with a continually in- 
creasing velocity, until its momentum is suddenly and 
entirely destroyed upon commencing the next change of 
direction; thus causing a destructive jar to the parts of 
the machine. To obviate this, therefore, the steam is “cut 
off” before the end of the stroke, which is then completed 
under a diminished pressure. By this means the piston 
comes gently to rest at the top and bottom of the cylinder; 
but this is neither the only nor the chief advantage which 
results from cutting off the steam, since it is found that the 
force actually exerted upon the piston by the isolated steam, 
during tts expansion into the increased volume as the piston 
descends in the cylinder, is considerably greater than that 
due to the simple pressure of the same weight of steam acting 
at a uniform density. 

To render this intelligible, let us suppose a cylinder of 
one square foot area, and 20 inches long, to which steam at 
about the atmospheric pressure has been supplied during 
half the stroke. We may then suppose the pressure on the 
piston to equal one ton at the moment the steam valve is 
closed, the space under the piston being open to the con- 
denser. As the piston descends farther, the steam above it 
will become diffused through an increased volume, and will 
consequently acquire a diminished pressure. We may assume 
that this diminution of pressure follows the law of elastic 
fluids in general, and that it decreases in the same propor- 
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tion as the volume of steam is augmented. While the 
piston, therefore, moves downwards from the centre of the 
cylinder (at 10 inches), it will be urged by a continually 
decreasing force, until it arrives, we will suppose, at 15 
inches, when the space occupied by the steam will be im- 
creased in the proportion of two to three. The pressure 
on the piston will also be diminished in the inverse ratio 
of three to two; and will now equal two thirds of a ton st 
15 inches from the top. In like manner, when the piston 
arrives at the bottom, the space occupied by the steam will 
be double that which it occupied at half-stroke, and the 
pressure will be diminished one half—being now, conse- 
quently, half'a ton. By calculating in this way the pres 
sure on the piston at the termination of each inch of the 
space through which the steam has been expanding, we find 
the pressure at the 11th inch expressed by +4 of a ton; at 
the 12th inch {§ ofa ton; and so on to the 20th inch, where 
the pressure is $$, or half a ton. 

Now, if the pressure of the steam through each of these 
ten divisions be supposed to continue uniform, and, instead 
of diminishing gradually, to suffer a sudden change in 
passing from one division to the other, the mechanical 
effect will be obtained simply by taking the average of the 
ten pressures. Thus, it has been supposed, in the present 
case, that the pressure on the piston at the beginning of 
the first division is 2240-lbs.; and to obtain the pressures 
corresponding to each of the other divisions, it will only be 
necessary to multiply 2240 by 10, and divide successively 
by 11, 12,18, &c. The pressures in pounds, at each inch 
below the half-stroke, will then be as follow, viz. :— 


At end of Ist inch 2036°3 Ibs. At end of 6th inch 1400°0 Ibs, 


2nd ,, 18666 ,, 7th ,, 13176 ,, 
rd ,, 17231 ,, Sth ,, 1244-4 ,, 
4th ,, 1600-0 ,, 9th ,, 11790 ,, 
Sth ,, 14933 ,, 10th ,, 11200 ,, 


Benefit of Expansion—If the mean be now taken by 
adding these numbers together and dividing by 10, it will 
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be found to be 1408 lbs. as the mean pressure of steam 
duting the expanding half of the stroke, which is nearly 
three fourths of the mechanical effect produced by the full 
#team during the first half of the stroke. In this calowla- 
tion we have assumed, for the sake of simplicity, that the 
pressure is uniform throughout each of the ten divisions: 
which of course it is not, owing to the expansive action 
which takes place within each division; so, the more accu- 
rate calculation (which is a complicated one) makes the 
average pressure for the expanding half of the stroke equal 
to about 15451bs. It is evident that this principle is 
equally applicable at whatever part of the stroke the steam 
be cut off, a higher mechanical effect being obtained from a 
given weight of steam in proportion to the eatent to which 
the expansive working is carried, and in proportion to the 
original density of the steam. Thus, in the Cornish en- 
gines, it is found to be most advantageous to use steam of 
from 80 to 40 lbs pressure, and to cut it off in the cylinder 
at one sixth, or even one eighth part of the stroke, the 
remaining seven eighths being performed wholly by ex- 
pansion. The limit to this principle is imposed, in practice, 
by the increased size required for the cylinder, and the in- 
equality in the speed of the piston during the stroke. 

It is found, by calculation, that if the steam be cut off at 
half-stroko its mechanical effect is multiplied by 17 nearly; 
if at one third, by 2°1; if at one fourth, by 24 nearly; &e. 

The following rule will be found useful for calculating 
approximately the mean pressure of steam on the piston 
during the stroke, while working expansively. 


Rule.—Divide the length of stroke by the distance the 
piston moves before the steam is cut off, and the quo- 
tient will express the relative expansion it undergoes. 
Take from the annexed table the multiplier correspond- 
ing to this number, and multiply it by the full pressure 
of steam per square inch on entering the cylinder. The 
product will be the mean pressure per square inch, nearly. 
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TABLE OF MULTIPLIERS. 
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The Indicator.—In practice, a much simpler, and more 
accurate method is employed for finding the power exerted 
within the cylinder of a steam engine, namely, by the use 
of the indicator. 


The Indicator, tts Construction and Principles.—This little 
instrument, which ought to be familiar to every one in- 
trusted with the care of machinery, consists of a small 
cylinder placed in connection with the cylinder of the en- 
gine, either above or below the piston. This cylinder is 
open at top, and is fitted with a piston which presses 
against a spiral spring. The cock which connects the 
indicator with the cylinder of the engine being opened, 
steam is admitted under the piston of the indicator during 
the one stroke, and vacuum during the other, precisely as 
in the large cylinders; thus causing the little piston to 
push or pull alternately against the spiral spring. If the 
pressure were uniform throughout the stroke, the indicator 
piston would start at once from the top to the bottom, and 
vice verad, remaining stationary until acted upon by the 
opposite pressure. In such a case, the pressure exerted 
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would be simply proportional to the flexure of the spiral 
spring, and might be measured accordingly; but, as we 
have seen that the pressure on the piston is continually 
varying during each stroke, it follows that the pressure on 
the spring must also be a variable pressure corresponding 
to the movements of the indicator piston, either up or 
down. Now, if a pencil be fixed to the piston rod of the 
instrument, it will register the fluctuations of pressure 
upon a piece of paper held close to it; but, unless some 
provision be made for allowing the pencil a clear space on 
the paper at each successive instant of time, it will only 
move up and down in the same vertical line, and the mark- 
ings due tu fluctuation of pressure will be undistinguish- 
able. To obviate this, the paper receives a circular motion 
in one direction during the down stroke of the piston, and 
a reversed motion during the return stroke, the result 
being that, as the pencil moves vertically up and down, a 
continuous curved line is traced upon the paper. By this 
line an oblong space is enclosed, called indifferently the 
Indicator Figure, Card, or Diagram, the vertical ordinates 
of which will then represent the effective pressure at the 
corresponding portions of the stroke, and whose area will 
represent the whole pressure exerted during the stroke. 
Before the instrument is connected with the steam 
cylinder, the roller, with the paper attached, is set in mo- 
tion, and the pencil then describes a straight line (called 
the neutral or atmospheric line), which represents the pres- 
sure of the atmosphere, the space enclosed above this line 
being the measure of the pressure above the atmospherie 
pressure, and below this line measuring the pressure below 
the atmosphere. If the junction between the indicator 
and the cylinder be now formed while steam is entering 
the cylinder, the indicator piston will evidently rise; and 
if steam be escaping from the cylinder it will fall,—the ex- 
tent of the rise and fall depending upon the strength of 
the spiral spring. The alternating circular motion of the 
roller is given by connecting it with any reciprocating part 
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of the engine, by means of a cord attached to a pully fixed 
on the same axis with the paper-roller. This cord gives 
motion in one direction only, the return movement being 
communicated by a coiled spring attached to the instrument. 


Seale—The scale of the indicator in general use is 
divided into tenths of an inch, each division representing 
one pound pressure on the square inch of the piston. 
When the insirument is not in use, the index stands at 0; 
but when communication is opened with the engine the pres- 
gure of steam is exhibited above zero, and the vacuum below. 


Hew to use the Indicator.*—To use the indicator, its cock 
must be made to fit the grease cock of the cylinder cover, 
or any other fitted for the purpose in a convenient place at 
the top or bottom of the cylinder, or both. The line may 
then be attached to the radius bar of the parallel motion at 
Bix or seven inches from the joint, and connected by a 
running loop to the hook on the small line at the bottom 
of the instrument. By means of the running loop the line 
must be lengthened or shortened, till it is of the proper 
length to allow the roller to traverse as far it can without 
coming into contact with the stop or the springs. This is 
easily effected by shifting the line upon the radius bar; 
and when the proper length has been found, the running 
loop may be fixed permanently, to be ready for future trials. 
Having stretched the paper upon the roller, and fastened it 
by means of the clasp, a sharp-pointed pencil is put into 
the socket, and allowed fo press lightly (by means of a 
little spring) upon the surface of the paper. When all is 
ready, the instrument is first made to work a few strokes 
with the cock shut, in order to form the “ atmospheric 
line,” after which, the cock is opened when the piston is 
at the top of the stroke, and the registration proceeds as 
described. 

* See p. 288, Marine Engines, new edition of Tredgold on the Steam 
Engine. 
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How to make the Calculation.— When the figure is made, 
the pressure of the steam is calculated by drawing any 
number of lines across it at right angles to the atmospheric 
line, and taking their mean length as measured on the 
scale attached to the instrument. In practice, it is usual 
to divide the figure into ten spaces by equi-distant ordi- 
mates, measure each of those spaces in the middle, find 
their sum, and cut off a decimal figure for the division by 
10, the result being the average force of the steam in 
pounds on the square inch. To find the power that the 
engine is actually exerting, therefore, we have only to take 
the area of the cylinder in square inches, multiply by the 
average pressure as found above, and again by the number of 
feet which the piston travels in a minute, when the product 
divided by 33,000 is the indicator or gross horse power of 
the engine. 


To find the Nominal Iorse Power of an Engine.—The 
horse power of an engine, as found in this way (which is 
the most accurate method with which engineers are ac- 
quainted), must not be confounded with what is called the 
Nominal or Commercial Ilorse Power. The latter is ob- 
tained by the following formula, viz. :— 


Area of cylinder y effective pressure x speed of piston _ 


33,000 oe 


The area of the cylindcr must be taken in square inches, the 
“ effective pressure” assumed at # or 73 lbs. per square inch 
of piston, and the speed is to be reckoned in the number of 
feet through which the piston travels, or is expected to 
travel, per minute. ‘the divisor is 33,000 lbs. as before; 
this weight when raised one foot high in a minute being 
the standard of a commercial horse’s power adopted by 
James Watt, and subsequently retained for convenience 
sake. in tendering for engines for the Government ser- 
vice, the “effective pressure” is assumed at seven pounds 
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only, and the speed of the piston is presumed to vary with 
the length of stroke, according to the following table :-— 












Stroke. [Speed of piston.|| Stroke. 


ern 


Speed of piston. 


Deed 























In. Ft. per min. Ft. Jn. Ft. per min. 
0 196 6 6 226 

6 204 7 0 231 

0 210 7 6 236 

6 216 8 0 240 

0 228 


We may observe, that on the Thames tho effective pres- 
sure is usually taken at 7 lbs., and on the Clyde at 7} Ibs., 
which tends to make the nominal horse power of the 
Glasgow and Greenock engines of somewhat less com- 
mercial value than those built in London. 


Distinction between Nominal and Real Horses’ Power.— 
It will be seen that the horse power thus calculated is irre- 
spective either of the actual pressure of the steam used, of 
the perfection of the vacuum in the condenser, or the 
amount of friction arising from good or bad workmanship ; 
hence this rule, however useful in comparing the size of 
different engines, is a very imperfect guide to their actual 
power. We have thus two distinct values of horse power, 
which no one conversant with the steam engine ever con- 
founds; the one, fixed and nominal, by which engines are 
bought and sold; the other fluctuating, though real, as 
shown by the indicator. I'o discover, however, the effective 
power, or the power actually available for the purpose for 
which the engine is used, a deduction would require to be 
made for friction of the moving parts and for the power 
required to work the pumps and valves, but as this would 
be nearly alike for well-constructed engines of equal power, 
and no ready means exists of testing it, the total or mdi- 
eator horse power is taken as the measure of the power in 
all ordinary cases. 
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Use af the Indicator for showing the Internal State of the 
Engine.—-The indicator, moreover, tells us not merely the 
power exerted by the engine, but the nature of the faults 
(where those occur) by which the power is impaired. 
Thus, one form of the indicator figure, or “diagram,” may 
show that the cylinder ports are too small, or that there is 
condensation in the steam pipes; another, that the engine 
is drawing air; or a third may show that the valves are 
improperly set. Let us take, for example, the accompany- 
ing imaginary diagram :— 


rr i) “ & 


< 
: 
é 
RQ 


Atmospherte or Neutral Line 
Vacnum Stroke 


Ca 
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When the pencil is at: the point marked a, the piston is at 
the commencement of its stroke, and the paper being made 
to move, the line is traced from a to 4 and thence to e, at 
which point the stroke in one direction is finished. At the 
point 4 the valve is being shut to prevent the further ad- 
mission of steam; and while the line from 6 to c is being 
traced the steam is expanding, ard its pressure consequently 
decreasing as indicated by the falling of the line. The line 
from 6 to c, instead of being convex, should be concave, as 
in the double diagrams, page 93; and it is thus discovered 
that the slide is in bad order from steam being admitted 
after it is shut. If the engine had been working expan- 
sively, and the valve been shut before the pencil had reached 
the point 4, the steam would have begun to expand at that 
point, and the line have begun to fall so as to indicate the 
degree of expansion in the most precise and definite manner, 
On the pencil approaching the point c, the valve is opened 
to the condenser, the steam escapes, is condensed, the pres- 
sure falls, and the pencil descends towards d. The action 
as here indicated is not very good, as the corner should be 
more nearly square. The piston now commences its return 
stroke, and the paper is made to move simultaneously also 
in the opposite direction, and the line towards e is traced. 
It is here seen to rise again towards tho atmospheric line, 
thus indicating that there is some pressure increasing in the 
cylinder. From the form of the diagram at this point, it 1s 
gathered that the vapour remaining inclosed in the cylinder, 
after the communication with the condenser has been closed, 
is compressed, and exerts pressure against the piston to 
an injurious extent. As the pencil approaches /, the valve 
is opened for the admission of steam, and the pencil rises 
towards a, ready again to trace another diagram of what 
takes place on one side of the piston during another stroke. 


To compare the Efficiency of different Engines by means of 
the Indicator.—The following method has been successfully 
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adopted in comparing the relative economy of performance 
of different steam engines by means of their Indicator 


First, calculate the gross indicator horse power of the en- 
gine in the usual way, as already described. Then draw on the 
diagram a pure vacuum line at 15 Ibs. below the atmospherie 
line; and if, as is generally the case, the eduction begins 
before the end of the stroke, continue upon the diagram 
the sloping line of the expansion as if it had been uniform 
to the end of the stroke, as represented, for imstance, at 
a, a, Fig. p. 93.* The pressure of steam thus found at the 
end of the stroke (being the pressure above a pure va- 
cuum) may be called the “Terminal’’ pressure. 

Now find the cubie contents of the cylinder in feet, by 
multiplying the area into the length of stroke, and adding 
the “clearance”’ of piston at top or bottom, and the steam 
space in one port between the valve-face and the inside of 
the cylinder. The contents of the cylinder at the terminal 
pressure must now be reduced into the corresponding num- 
ber of cubic feet of steam at the atmospheric pressure. This 
is easily done by reference to the table of relative volumes 
of steam pressure given at page 208. If our cylinder, for 
example, have 185 feet of cubic contents, and the terminal 
pressure be 8 lbs. above a vacuum, we must employ the fol- 
lowing proportion :— 

2983 (vol. corresponding to 8 lbs. pressure) : 185 :: 1669 
(vol. corresponding to steam at atmospheric pressure) : 
108°5 cub. ft. of steam at atmospheric pressure. 


é 

* There is in general no difficulty in continuing this line with certainty, 
but if there be a doubt as to where the eduction begins, take the diagram 
at any definite point, say at nine tenths of the stroke (after the valve has 
been certainly closed to all further admission of steam), and complete the 
figure by calculating, from the pressure of steam at this point, what would 
be its pressure if expanded into the increased space at the end of the 
stroke, This will be readily done by consulting the table of relative vo- 
lames of steam to pressure, given in the end of the book. 
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This amount being multiplied by the number of oy- 
linders filled with steam in one minute, and the product 
being divided by the gross indicator horse power as pre- 
viously calculated from the diagram, we thus obtain the 
number of cubic feet of atmospheric steam required by this 
engine to produce one horse power. It must not be for- 
gotten that the cylinder of each engine is filled twice with 
ateam for each revolution of the crank shaft. 

Fhe same simple process being gone through with the 
other engines under trial, or with the same engine under 
different circumstances of speed or expansion, affords a 
tolerably accurate method of comparing, in a general way, 
their relative efficiency. 


Example of Caleulation.—The following is the calcula~ 
tion made from the diagrams of Penelope, 650 nominal horse 


power (Figs. p. 93.). 


Tho Diameter of cylinder is 914 in. 
Area of ditto  6593°5 sq. in. =45°8 sq. ft. 
Length of stroke 6 ft. 8 in., or with clearance 6°75 ft. 
No. of strokes per minute, 14. 
Gross indicator horse power for both engines, as per 
diagrams, 1383 H. P. 


Then, 45°8 area of cyl. in feet x 6-75 ft. length of stroke 
==309°150 cub. ft. + 3°85 cub. ft. for steam space of port= 
318 cub. ft. of steam required to fill the cylinder once: or 
313 x 14=4382 cub. ft. of steam used above or below each 
piston in each cylinder during one minute. 
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Taking now from the diagrams the four terminal pres- 
sures corresponding to the top and bottom of each cylinder, 
we have, — 


4382 cub. ft. at 12 lbs. press. 3567 cub. ft. at atmospheric press. 


Do. ”? 13 ” ? = 3841 do. 99 $3 
Do. 99 15 ”? 9 =: 4382 do. 99 9 
Do. 99 15 9? ” == 4382 do. 9? 5D 


16172 cubic feet of steam at atmo- 
spheric pressure used per minute by the two engines—or 16172-41333 
gross indicator horse power =12°13 cubic feet of atmospheric steam per 
horse power per minute. 


Difference of Effect between throttling the Steam and cut- 
ting tt off by the Expansion Valve—An experiment made in 
this manner to determine the difference of effect between 
expanding the steam in the cylinder by a proper system of 
expansion, and merely shutting it off by the throttle valve 
when it is wished to work the engines to a low power, gave 
the following result :—An engine of the nominal power of 
400 horses was selected, and was first worked on the lowest 
grade of expansion, the steam in the boiler having its full 
pressure of 8lbs. Under these circumstances, it was found 
that 10°87 cubic feet of steam at atmospheric pressure were 
consumed per horse power per minute. 

The expansion valves were then thrown out of gear, and 
the engines reduced by the throttle valve to exactly the 
same number of revolutions. It was now found that al- 
though the gross horse power, as shown by the indicator, 
was almost identical in both cases; in the latter case the 
power exerted was obtained at an expenditure of 14°72 
cubic feet of atmospheric steam per minute, in place of 
10°87 cubic feet, as formerly ; 8°85 cubic feet of steam per 
indicated horse power per minute being thus saved by the 
principle of expansion. 

It is apparent that this calculation will not give us the 
eause of any loss of effect by the steam escaping, or being 
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INDICATOR DIAGRAM FROM PENELOPE’S ENGINES. 
FULL STEAM, 14 REVOLUTIONS, 650 NOMINAL H.P, 





Top 






Port Engine’ 


Bottom 


7°28 





Atmospherte 
Barometer 263 ( 
_ 10°96, 187. 
17°35 lo'bu 





Top 


Starboard Engine 







Atmospheric 
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10°86 _] 1°33 
1o"92 * 18°60 
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Starboard Cyl. Top 16°92 - 
Bott. 18-60 Mean 17°76 


Port Cyl... Top. 17°35 
7 Bott. 19-83 } Mean 18°09 
6593°5 x 186°2 x 17°92 6666 x 201333 H.P. 

83,000 exerted by both engines. 


Mean 17°92 
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condensed in the pipes, &c., which must be sought for 
when suspected, either in the form of the indivator dia- 
gram, or by testing the engine for leakage of steam or air, 
as already explained. 


Dynamometer-——A DyNaMOMETER is an instrument by 
which it is attempted to measure the force actually exerted 
in propelling a vessel. An excellent one, designed by Mr. 
Colladon of Geneva, has been erected in Woolwich Dock 
Yard, by which the pull of any vessel made fast to it can be 
accurately measured. An instrument of this kind, but subject 
to many disturbing influences, can be fitted on board screw 
steamers to show the thrust of the propeller shaft through 
a series of levers on a spring balance. The lever is sometimes 
made to take the pressure from the end of the shaft; at 
other times, from a revolving frame with a number of fric- 
tion rollers in it, which works against a collar on the shaft 
at any part that may be most convenient. The lever or 
levers should have knife-edge centres, so as to work with 
as little friction as possible; and the rod connecting the 
lever with the spring balance has a small sliding rod at- 
tached to it carrying a pencil. By the side of this rod is a 
small cylinder, round which a piece of paper is coiled, as in 
the indicator. This cylinder receives a continuous rotatory 
motion by means of a small band from the screw shaft, the 
motion being so regulated that the speed of the cylinder 
(round which the paper is coiled) may be considerably less 
than that of the screw shaft. The pencil is now brought 
into contact with the paper én the cylinder, and a zero 
line traced before the pressure of the shaft is allowed to 
act upon the lever. The pencil should now be disengaged 
from the paper, and the connecting rod of the lever screwed 
up until it is ascertained that the whole forward pressure 
of the shaft acts upon the lever, and that the shaft is quite 
clear of every other part of the machinery which might re- 
ceive a portion of the pressure. Upon the pencil being 
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again brought into contact with the paper, an undulating 
line is described upon it, showing the variable thrust of the 
engines upon the propeller during the period of each revo- 
lution. After the diagram is traced, the paper is taken off, 
and equidistant lines drawn at right angles to the zero line, 
the Jengths of these ordinates from the curve to the sero 
line, measured upon the scale of pounds of the spring ba- 
lance, giving the action of the lever upon the balance at 
these places. The numbers being then marked upon the 
diagram, their sum taken, and divided by the number of 
ordinates for a mean, we shall have the force exerted on the 
lever, which, being multiplied by the leverage, will give the 
average forward pressure exerted by the propeller shaft 
upon the vessel. If it be-only a single lever that is used 
for the dynamometer, the leverage is of course found by 
dividing the length from the fulcrum to the point where 
the rod of the spring balance is attached, by the length be- 
tween the fulerum and the point which recetves the pres- 
sare of the shaft; but if it isa compound lever that is used, 
multiply together all the long arms of the levers, and divide 
the product by the product of all the short arms (measuring 
the length from the fulcrum of each lever), and the quo- 
tient ts the leverage. When the forward pull or pressure 
in pounds has been found, the number of horses’ power may 
be calculated for paddle-wheel vessels attached to Mr. Col- 
ladon’s machine, by multiplying the velocity of the centre 
of effort of the paddle-board in feet per minute, by the total 
pull m pounds, and dividing the product by 33,000. The 
centre of effort of a paddte-board may be taken at 4 of its 
depth from the outer edge. In screw vessels, the speed of 
the screw must be taken for the velocity. Experiments 
with this instrament when worked out in this way, have 
generally shown the effective to be about one half the gross 
indicator horse-power. 


Counter.—The CounrTue is an instrument so contrived 
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by the aid of wheelwork that an index hand is moved for 
ward a certain distance for every stroke of the engine, thus 
registering or “counting” the number of strokes an engine 
makes during a day, a month, or any given period. The 
construction of the counter varies much; in most cases, 
however, the wheels are moved round by a pendulum at- 
tached to some vibrating part of the engine, the wheel 
being carried forward one tooth for every vibration, and an 
extreme slowness being obtained by a differential motion. 


Extract from p. 291, Tredgold on the Steam Engine, vol. 
at. new edition—“ Tun CountEer.—To estimate the saving 
of fuel by the application of Watt’s engines, an apparatus 
was attached to the beam to ascertain the number of strokes 
the engines made in a given time: it is called the Counter, 
and consists of a train of wheel-work resembling that of a 
clock, so arranged that evory stroke made by the engine 
moves one tooth, and the index shows how many strokes 
have been made between the times of examination, The 
counter is enclosed in a box, and locked, to prevent its 
being altered during the absence of the observer. If the 
box be attached to the axis of the beam, the inclination of 
the beam causes its pendulum to vibrate every time the 
engine makes a stroke, and this moves the counter round 
one tooth for every stroke. The box may also be fixed to 
the supports of the beam, and then at every stroke a small 
detent is moved one tooth.” 


CHAPTER VIII. 


ON THE QUALITIES OF FUEL, WITH HINTS FOR ITS 
SELECTION. 


On the Qualities and Value af Different Coals.—The fol- 
lowing observations upon the qualities and economic values 
of coal from different localities, are condensed chiefly from 
the Parliamentary “Report on Coals suited to the Royal 
Navy,” drawn up in the years 1848-49, by Sir Henry de la 
Beche and Dr. Lyon Playfair. 


Much depends on the Construction of the Boiler.—In esti- 
mating the evaporative power of coals, much must ef course 
depend upon the construction of the boiler, and the manner 
in which the fuel is burnt on the grate. Thus, in Cornwall, 
where every attainable advantage is given to the fuel by 
large heating surface, slow combustion, and prevention of 
lose ef heat by radiation, the average evaporative value of 
1 lb. of coals may be taken at 10 to 11 lbs. of water, while 
im marine tubular boilers it rarely exceeds 8 to 8% Ibs. 
An evaporative power of 14 lbs. of water is the highest 
result theoretically possible for a good average sample of 
coal, 


Mr. Wieksteed’s Experiments.—Mr. Wicksteed’s experi- 
ments on this subject give the following results in pounds 
of water evaporated by one pound of coal, in land boilers of 
good eonstruetion, viz. :-— 

Ths. lbs. 

Best Welsh coat. + 93 Average small Newcastle 8-07 

Anthracite. . . . 9°01 Average Welsh . «. 8°04 

Best small Newcastle .852 Average lerge aera 7°66 
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M. Cavé’s Experiments.—Some recent experiments on 
the evaporating power of cylindrical boilers ashore, made 
by M. Cavé, of Paris, give a mean result of 8-2 Ibs. water 
for 1 Ib. coal. 


Description of the Boiler used in the Parliamentary Experi- 
ments.—The boiler employed for the Parliamentary Experi- 
ments was made on the Cornish principle, being cylindrical 
with flat ends, and an internal fluo, ‘within whieh the grate 
was placed at one end. The hot air and gases, after leaving 
the furnace, passed through the central flue to the other 
end of the boiler, where they divided into two streams, and 
returned to the front of the boiler, along the outside, by a 
flue on each side; these two were then united again undef 
the front of the boiler, and returned along a flue under 
the bottom of the boiler, finally entering the chimney after 
# course of about 36 feet. The grate surface was five 
square feet, and the total heating surface of the boiler 
197°6 square feet. The boiler was worked under a pressure 
of from 1 to 3 lbs. on the square inch. 


Management of the Fire.—In the management of the fire, 
sare was taken to supply the coals in pieces not exceeding 
Lib. weight, and in quantities of not more than one or two 
shovelsful at a time spread evenly over the fire, except 
in the case of anthracite, and of highly bituminous coal. 
With anthracite, it was found that the sudden application 
of heat caused the pieces to split and fall through the bars ; 
hence a gradual heating on the lead plate in front of the 
furnace (which in the experimental boiler was 10 inches 
wide) was found to be beneficial. With the highly bitu- 
minous coals, also, a partial coking on the dead plate pres 
vented their caking together on the fire, which would have 
impeded the passage of air through the bars. - 


On Patent Fuels, their Advantages and Defects.--The Re- 
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‘port states that as thé varieties of’ patent fuel are generally 
imade up in the shape of bricks, they are well adapted for 
stowage, so that though the specific gravity of patent fuels 
is lower than that of ordinary coals, yet, from their shape 
and mechanical structure, there are very few coals that 
could be stowed in a smaller space per ton. While we look 
to the different varieties of patent fuel as of the highest 
importance, and from their facility of stowage as being 
peculiarly adapted for naval purposes, and perhaps even 
destined to supersede ordinary coal; at the same time, the 
greater part do not appear to be manufactured with a 
proper regard to the conditions required for war steamers. 
It is usual to mix bituminous or tarry matter with bitumi- 
nous coal, and from this compound to make the fuel. An 
assimilation to the best steam coals would indicate, however, 
the very reverse process, and point to the mixture of a 
more anthracite coal with the bituminous cement. As the 
greater part is at present made, it is almost impossible to 
prevent the emission of dense opaque smoke, a circum- 
stance extremely inconvenient to ships of war, as betraying 
their position at a distance at times when it is desirable to 
conceal it. Besides this and other inconveniences, the very 
bituminous varieties are not well suited to hot climates, and 
are as liable to spontaneous combustion as certain kinds of 
coal, To avoid these inconveniences some kinds of patent 
fuel have been subjected to a sort of coking, and thus in a 
great measure obtain the desired conditions. There is little 
doubt, however, that notwithstanding the large number of 
patents in operation for the manufacture of fuel, its value 
for the purposes of war steamers might be much enhanced 
by its preparation being specially directed to this object. 
It will be seen by reference to the table, that the three 
patent fuels examined rank amongst the highest results 
obtained. 


Rapid Corrosion of Iron Coal Bankers.—The retention of 
¥ 2 
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coal in iron bunkers, if these are likely to be influenced by 
moisture, and especially when by any accident wetted with 
sea-water, will cause a speedy corrosion of the tron, with a 
vapidity proportionate to its more or less efficient proted- 
taon from corroding influences. This corrosion seems due 
to the action of carbon, or coal, forming with the iron 2 vok 
taic couple, and thus promoting oxidation. The action is 
similar to that of the tubereular concretions which appear 
on the inside of iron water pipes when a piece of carbon, 
not chemically combined with the metal, and in contact 
with saline waters, produces a speedy corrosion. Where 
the “make ’’ of iron shows it lable to be thus corroded, a 
mechanical protection is generally found sufficient. This is 
sometimes given by Roman cement, by a lining of wood, or 
by a drying oil driven into the pores of the iron under great 
pressure. 


Gases evolved from Coal during Exposure to the Atmo- 
.—Recent researches on the gases evolved from coal, 
prove that carbonic acid and nitrogen are constantly mixed 
with the inflammable portion, showing that the coal must 
still be uniting with the oxygen of the atmosphere, and 
entering into further decay. Instances have frequently 
oceurred of men who had descended into the coal boxes 
having been rendered insensible by the carbonic acid eol- 
leated there. 


Natural Decay in Coal.—Decay is merely a combustion 
proceeding without flame, and i8 always attended with the 
production of heat. The gas evolved during the progress 
of decay in free air consists principally of carbonic acid, & 
gae very injurious to animal life. It is well known that this 
ehange in coal proceeds more rapidly at an elevated tempe- 
rature, and therefore is liable to take place in hot climates. 
Dryness is unfavourable to the change, while moisture 

| tauseg it to preceed with rapidity, When sulphur or iron 
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pyrites (4 compound of sulphur and iron) ia present in con- 
silerable quantity in a coal still changing under the action 
of the atmosphere, a second powerful heating cause is in- 
troduced, and both acting together may produce what is 
called spontaneous combustion. The latter cause is in itself 
sufficient, if there be an unusual proportion of sulphur or 
iron pyrites present. 


Spontaneous Combustion.—The best method of prevention 
in all such cases is to ensure perfect dryness in the coals 
when they are stowed away, and to select a variety of fuel 
not liable to the progressive decomposition to which allusion 
has been made. 


Advice in the Selection of Fuel.—It may be desirable to 
sum up in a few words some of the principal points alluded 
to in this Report. It has been shown that the true practical 
value of coals for steam purposes, depends upon a com- 
bination of qualities which could only be elicited by care. 
fully and properly continued experiments. Their qualities, 
so far as regards steam ships of war, may be atated as 
follows :— 

1, The fuel should burn so that steam may be raised in a 
short period, if this be desired; in other words, it should 
be able to produce a quick action. 

2. It should possess high evaporative power, that is, be 
capabie of converting much water into steam with a small 
consumption of coal. 

8. It should not be bisuminous, lest so much smoke be 
generated as to betray the position of ships of war, when 
it is desirable that this should be concealed. 

4, It should possess considerable cohesion of its particles, 
so that it may not be broken into too small fragments by 
the constant attrition which it may experience in the vessel. 

5. It should combine a considerable density with such 
mechanical structure, that it may easily be stowed sway in 
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small space; a condition which, in coals of equal evaporative 
values, often involves a difference of more than 20 per 
cant, 

6. It should be free from any considerable quantity of 
sulphur, and should not progressively decay, both of which 
circumstances render it liable to spontaneous combustion, 


Ail the Good Qualities are never united in one Coal.—It 
never happens that all these conditions are united in one 
egal, To take an instance, anthracite has very high evapo- 
rative power, but not being easily ignited, is not suited for 
quick action; it has great cohesion in its particles, and is 
not easily broken up by attrition, but it is not a caking 
coal, and therefore would not colere in the furnace when 
the ship rolled in a gale of wind; it emits no smoke, but 
from the intensity of its combustion it causes the iron of 
the bars and boilers to oxidate, or waste rapidly away. 
Thus, then, with some pre-eminent advantages it has dis- 
advantages, which under ordinary circumstances preclude 
ibs use. 

By a due attention to these practical hints the com- 
mander of a steam vessel will be enabled to strike a balance 
between the good and bad qualities of the fuel offered him 
for sale, and to select that which appears likely to fulfil 
most of the conditions which his peculiar service may 
demand. 

Tables of the “Economic values of different coals and 
patent fuels ;”’ of the “ Mean composition of average samples 
of the coals;” and of the “Substances produced by the 
destructive distillation of certain coals,’’ will be found at 
the end of the book. 


Wood used as Fuel in Steam Vessels.— When, wood is used, 
for fuel in steam vessels, it requires from 2} to 3 lbs. (ac- 
cerding to the degree of dryness) to equal one pound of 
eval, ‘Wood tolerably well dried contains ane fifth of its, 
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own weight of water, in evaporating which about one 
quarter of the whole heat generated is absorbed; peat, on 
the contrary, contains only from 1 to 3 per cent. of “hygro- 
scopic”’ water. 


Turf used as Fuel in Steam Vessels.—Turf has been ov- 
casionally used for fuel in steam boats, though not hitherto 
with much success. Its calorific value depends wholly upon 
the degree of dryness to which it has been brought, and 
when kiin-dried it is found to have a strong tendency to 
re-absorb moisture; so it should be used as soon after this 
process as possible. When burnt in a tubular marine 
boiler with 63 square feet of grate bar and 280 square feet 
of total heating surface, it required 51 lbs. of good peat to 
evaporate one cubit foot of water, beiag about one sixth of 
the duty of coal. 
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CHAPTER IX. 


CONSIDERATIONS AFFECTING THE RATE OF CONSUMPTION 
OF THE FUEL IN A STEAM VESSEL. 


Rate of Coneumption of the Fuel in a Steam Vessel.—The 
rabe of consumption of the fuel in a sea-going steamer is @ 
consideration of the first importance, not merely as it re- 
gands the question of expense, but also as it affects the 
eapability of the vessel for increasing the length of her 
voyage under steam, 28 well as her safety in case of unusual 
detention from adverse weather. It is proved alike by 
theory and experience, that under ordinary circumstances 
of weather, a vessel will steam further with a given quantity 
of coals, by using only a fraction of her steam power, than 
she would if going at full speed. Theoretically speaking, 
the slower the vessel’s speed, the greater the economy of 
fuel, provided always that no steam escape from the safety 
valve, or is otherwise wasted; but if her progress be op- 
posed by contrary winds and currents, the engines should 
of course exert sufficient power, not merely to preserve her 
position, but to give forward motion if possible. 


Steaming against the Stream.—In this case it is found 
that the power is applied most ecogomically when the vessel 
steams half as fast again as the velocity of the opposing 
stream or current. Thus, if the vessel be steaming up a 
river, or in a tide way where the current runs at four knots 
an hour, her speed should then not be less than six knots. 


Natural Law regulating the Speed of a Steamer.—These 
results chiefly depend upon the natural law that the power 
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expended in propelling a steam ship through the water varies 
ae the cube of the velocity. This law is modified by the 
retarding effect of the increased resisting surface, conse 
quent upon the weight of the engines and fuel, so that 
the horse power increases in a somewhat higher ratio than 
that named. 


Limit imposed to the Possible Speed.—-This consideration 
imposes a limit to the possible speed of a steamer, depend- 
ing upon the weight of the machinery and fuel which it 
can carry, relatively to its dimensions and tonnage. It is 
apparent also that this limit is extended according as the 
proportions of the engines and vessel are increased, for the 
larger the engines the less is their weight per horse power, 
and the greater is the effect of the steam in the cylinders ; 
while the larger the vessel, the less is the resisting surface 
increased by the displacement of each additional ton of 
machinery and fuel. 


To find the Speed corresponding to a Diminished Consump- 
tion of Fuel.—Hence, if a vessel of 500 horses power, we 
shall suppose, have a speed of 12 knots, with a consump- 
tion of 40 tons of coal per diem, if we wish to find the 
speed corresponding to a diminished consumption of 80 
tons per diem, the following simple calculation is re- 
quired, viz. :-— 


40 : 30::12% : V5 (cube of the required velocity), 
‘ Or, reduced, 4: 3::1728 : V*, 
As an equation, 3 x 1728 =5184=4 V', 
Or, 5184 =e 
4 


n/ 1296 =10°902 knots=V, required velocity. 


Thus, by diminishing the horses power, or the consump- 
tion of fuel, of this vessel by one fourth, we lose only a 
little more than one knot per hour in the resulting speed. 

F838 
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The same calculation may be applied for comparing 
the effects of engines of different power in the dame 
vessel, or of the same engines when worked at reduced 

er. 

‘The results thus obtained are of course independent of 
the additional advantage gained by expanding the steam in 
the cylinders, which in the case of large engines working at 
low powers, is very considerable. 


To find the Consumption of Fuel corresponding to an In- 
. ereased Speed.—Again, if we find that the speed of our 
vessel has advanced from eight knots (we will suppose) to 
nine knots, in consequence perhaps of her having received 
new boilers, and using more steam in the cylinders, and we 
wish to find the corresponding increase in the consumption 
of fuel, the following calculation will be necessary, viz. :— 

89: 93 :: former poneumpHen's present consumption, 

512 : 7293: ” ” 

Or, in the ratio of 1 to 1°424. 


Relation between the Consumption of Fuel, and the Length 
and Velocity of the Voyage.—Again, the consumption of fuel 
during two or more voyages of known lengths will vary in 
the proportion of the square of the velocity multiplied by 
the distance traversed. 

Thus, if we find that during a voyage of 1200 miles, per- 
formed at the average speed of ten knots, the total con- 
sumption of fuel is 150 tons, and if we now wish to ascertain 
the consumption for s longer voyage of 1800 miles (we will 
suppose), at a reduced speed of eight knots, the calculation 
will be as follows :— 


150 tons : C required consumption: :10? knots x 1200 miles : 8* 
knots x 1800 miles, 
Then, C x 100 x 1200 =150 x 64 x 1800,* 
Or, C x aaa: »280,000 


Reduced to Cae a wide tons consumption. 


aT 
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* T£ on the other hand, we require to know at what rate 
the vessel must steam in order that her consumption during 
the longer voyage of 1800 miles may not exceed her pre- 
vious consumption of 150 tons during a voyage of 1200 
mites at ten knots an hour, the calculation will be as 
follows :-— 

If we substitute 150 tons (our supposed consumption) 
for © in the equation above, marked thus*, and V? (the 
square of the required velocity) for 64, we shall then have, 


150 x 100 x 1200 =150 x V’ x 1800, 
Or, 120,000 =1800 V®, 


Reduced, 1 avs 


And V= / 66°66 =8°15 knots. 


Economy attending a diminished Speed in the Vessel.— 
These examples all show the great economy which attends 
a diminution of speed in the vessel; and although in the 
case of merchant steamers, the loss of time is generally too 
serious a disadvantage to admit of any permanent reduction 
of speed, much bencfit has resulted to ships in the Royal 
Navy from the judicious husbanding of the fuel in this 
manner, whether it be to meet the requirements of an 
unusually long run, or mcrely to save coal when the vessel 
is employed on a service not demanding extraordinary 
despatch. 


Use of Sails of a Steamer.—The steamer’s sails, also, form 
a most important addition to her capabilities, as for each 
knot that the vessel is propelled by their aid, as much fuel 
is saved as may afterwards propel her the same number of 
knots ina calm. The sails should therefore be set upon 
every occasion of a fair wind, and according as it is more 
or less favourable, so should the steam be more or less cut 
off and expanded in the cylinders. By this means we avoid 
the unnecessary consumption of dense steam, which would 
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otherwise be used ‘nt a disadvantagas, for it is evident that 
however tittle the engines may assist in propelling the ship, 
they nrst nevertheless work very fast in order to overtake 
the vessel’s speed generated by the sails alone, and two 
cylinders full of steam must always be used for each 
revolution. 


Disconnecting the Engines ——Hence, when a moderate 
speed is attained by the sails alone, it is more economical 
(though otherwise not always to be recommended) to stop 
the engines entirely, and disconnect the wheels or screw 
when practicable, suffering them to revolve freely in their 
journals by the re-action of the water. "When, on the other 
hand, the wind and sea are adverse, the full power of the 
engines must be applied, every knot gained being now of 
double value. 
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CHAPTER X. 


PROPORTIONS TO BE GIVEN TO THE PADDLE WHEEL AND 
SCREW PROPELLER, ANB THR MANNER OF THEIR AP- 
PLICATION IN THE VESSEL. 


Varieties of the Paddle Wheel.—With regard to Pappa 
Wuatts, it is believed that the common wheel, if properly 
proportioned and allowed the proper degree of immersion, 
is preferable, under ordinary circumstances, to any of the 
“improved” varieties which have from time to time appeared. 
Of these, the only one which can be recommended, and 
that only under peculiar circumstances, is Morgan’s feather- 
ing wheel, by the use of which the boards may be made 
deeper, and therefore narrower than in the common wheel, 
and the diameter may be somewhat diminished; but it is 
objectionable from its weight (which is nearly twice that of 
the common whecl), from its complexity and consequent 
liability to derangement, and from its considorable addi- 
tional expense. Mr. Field’s “Cycloidal”’ wheel, in which 
the paddle board is divided into steps with an open space 
between, can hardly claim any superiority over the undi- 
vided board, but the simple modification of this plan, formed 
by dividing the board into two breadths, and placing one on 
either side of the paddlo arm, is probably the best form of 
wheel that can be adopted for large steamers. 


Variable Immersion the Grand Objection to the Paddte 
Wheel—We have already hinted that the grand objection 
to the paddle wheel is the unequal “dip” or immersion of 
the boards, consequent on the varying draught of water, as 
the coals and stores continue to be consumed on the voyage. 
A vessel, for instance, with a displacement of 12 tons per 
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inch at the load line, burning perhaps 460 tons of coals 
during a long run, will swim 3 feet 6 inches lighter, from 
the consumption of the fuel alone, at the end than at the 
beginning, so that it is only in the middle of her voyage 
that the wheels can have the dip best calculated for them, 


The moet advantageous Dip.—The most advantageous dip 
varies with the diameter of the wheel, the speed of the 
vessel, and the service in which she is employed, as for sea 
or river navigation. Sea-going steamers of the first class 
are usually allowed 18 to 21 inches of water over the ver- 
tical float at the mean draught; and smaller vessels may 
have 12 to 15 inches. It is usual in the case of fast river 
boats to allow only an inch or two over the boards, when 
the wheels are largo. When the wheels are too deeply im- 
mersed, they may sometimes be “reefed’”’ by disconnecting 
the boards, and securing them nearer the centre. 


The “Slip” of the Paddle Wheel.—The “slip” of the 
paddle wheel, by which is meant the excess of its velocity 
above that of the vessel, is usually reckoned at one fifth 
(or 20 per cent.) of the vesscl’s speed, the wheel being sup- 
posed to be well-proportioned, and the water lines of the 
vessel tolerably good for speed. 


Explanation of Table of Velocities of Paddle Wheels. — 
Ag it is of considerable importance to observe and compare 
the slip of the wheel under different circumstances, or in 
different vessels, we have prepared a table of velocities of 
paddle wheels of varying diameters and speeds, in fect per 
minute, and miles per hour. The “effective diameter” of 
the wheel may be reckoned by subtracting one-third of the 
breadth of the boards from each end of the extreme dia. 
meter. This subtraction should therefore be made befora 
referring to the Table given in the Appendix. The rule 
for finding the velocity of a paddle wheel, when its effective 
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diameter and number of revolutions are given, is the fols 
lowing :-— 

Multiply the diameter by 3°1416,- multiply the product 
by the number of revolutions per minute, multiply the last 
product by 60, and divide by 5280 for the velocity in statate 
miles, or by 6082°66 for knots per hour. 

The Table referred te will be found at the end of the 
book. 


Area of the Paddle Boards.—In proportioning the area 
of the paddle boards we must take into consideration the 
estimated dip of the wheels. By taking an average of the 
practice with regard to large sea-going steamers, we find that 
the whole paddle-board surface for the two wheels is be- 
tween 23 and 3 square feet per horse power; but for 
steamers with a lighter dip, from 4 to 5 square feet are ale 
lowed. The surface of each board, for large vessels, rarely 
exceeds one twenty-fifth of the total horse power, in square 
feet; but increases as the dip and diameter of the wheel 
diminishes, to about one fifteenth: while for river steamers’ 
one tenth of the total horse power is a usual proportion. 
A long narrow board is more effective than a short and 
deep one, but is inconvenient, especially in sea-going ves- 
sels, from the increased breadth of the paddle box. Thus, 
in large steamers, the proportion of depth to length varies 
from one fourth to one fifth, but in river steamers the 
board is generally about seven times as long as it is broad. 


Disconnecting the Paddle Wheels.—As it is eexneauy 
desirable to disconnect the paddle wheels from the engines, 
and permit them to revolve in their bearings while the ship 
is under canvas, several kinds of disconnecting apparatus 
have been employed for this purpose. 


Description of Braithwaite’s Disconnecting Apparatus. 
Braithwaite’s apparatus is represented in the subjoined 
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, wood-eut, and it may be thus described. A cast-iron dise, 
a, is keyed on the end of the paddle shaft, 4, and a strong 
wrought-iron hoop, c ¢, lined with brasa to diminish the 
friction, surrounds and slides over the periphery of the 
cast-iron disc. At one side of this hoop, at d, & projection 





Bratthwaite’s Diseonnecting Apparatus. 


is forged, in which the eye is bored for the crank pin, and 
at the other side the hoop is swelled out to receive a brass 
cushion, e, inserted between the hoop and the cast-iron 
disc. Now, when this cushion is driven hard and tight 
against the periphery of the disc, by means of a strong key, 
J, the friction between the hoop (in which the crank pin 
is fixed) and the disc on the paddle shaft becomes so great 
that the former drags round the latter, and thus communi- 
cages motion to the wheels. These are again disconnected 
by driving back the key, and by this means loosening the 
friction cushion, when the hoop and the disc revolve each 
independently of the other. 

This apparatus is by no means perfect, and gives much 
trouble at sea by the slipping of the hoop, notwithstanding 
that the key may have been driven as tight as possible. The 
hoop has also itself frequently given way, aa the forging is 
a diffieglt one to make perfectly sound. 
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Maudslay's-—Mesars. Maudslay and Field adopt the plan 
of sliding the paddle shaft, with the outer crank upon it, 
out of the crank pin, naing for this purpose a worm wheel 
and cogged collar on the shaft, worked from the deck. 


Seaward’s Plan.—Mesars. Seaward form the pin end of 
their outer crank with a slot out out of the thickness of 
the boss on the inside, the breadth of the slot being equal 
to the diameter of the pin, which is held fast by square keys 
in the boss while the engines are working. When it is 
wished to disconnect the wheels, the engines are stopped, and 
the keys withdrawn, when the boss of the outer crank clears 
and passes the pin by means of the slot, as the wheels re- 
volve in their bearings from the resistance of the water. 


The Screw Propeller.—An idea of a screw may be given 
ee bY SUPPOSING 8 line or thread 
wound round a cylinder, and 
advancing along it in the di- 
rection of its length by a gra- 
dual and equal rate of pro- 
pression. This thread may 
be of any shape, either trian- 
gular, as in many cases, or it 
{| may be in the form of a thin 
| plate of metal kept upon its 
| edge, and wound round & cy- 
linder of so small 9 diameter 
| that it would no longer be 
' ealled a cylinder, but would 
become a mere rod or spindle 
| in the centre. This will pro- 
bably be best understood by 
reference to the annexed dia- 
gram, which representa one 
thread of this kind wound 
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round & spindle, and this is called a single-threaded serew.' It 
will be at once evident that two, three, or more threads, if 
kept uniformly parallel to cach other, may in the same man-~ 
ner be wound round the cylinder, and there is then produced 
® two-threaded or three-threaded screw accordingly. The 
properties of a screw of this kind were first investigated and 
made known by Archimedes. 


The Pitch of a Screw.—Supposing that a line is drawa 
along the surface of a cylinder in the direction of ite length, 
and that aline or thread as before is wound round it, the 
distances between the points where the thread crosses the 
longitudinal line, and which are always the same, is called 
the pitch of the screw. 


The Slip of a Screw.—if a screw be made to revolve in a 
solid, as a carpenter’s screw in wood, it is evident that it 
will progress in the direction of its axis the distance of its 
pitch for each revolution, the latter portions following ex- 
actly in the course cut by the preceding or first entered 
portions of the thread. If, however, it be made to revolve 
in water, which is a yielding medium, the water will to some 
extent give way, and tho screw will not progress the full 
amount of its pitch, this deficiency in its progress being 
denominated the slip of the screw. 


Anomaly in the Performance of the Screw, called “‘ Negative 
Stip.”’--There is an anomaly in the performance of the ecrew, 
namely, the well-authenticated presence of “negative slip,” 
a8 it has been termed, or the fact of the vessel actually going 
faster than the rate at which the screw which propels it 
would advance if revolving in a solid. The explanation offered 
is, that the vessels in which this occurs have their after lines 
so badly formed for closing the water, that instead of the 
hull passing through the fluid with so little diaturbance as 
scarcely to affect its condition of relative rest, a large body 
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of “dead water” is created, which follows the vessel, being 
tewed (as it were) in her wake. An opposing current, and 
therefore an increased resistance, is thus offered to the ac 
tion of the screw. This seems to have the effect of anni» 
hilating the slip, the vessel appearing to outstrip the 
propeller by virtue of its advancing through still water 
(relatively to its own motion), while the screw revolves 
against an opposing stream, It cannot be supposed that in 
such a case the power of the engines is economically ap- 
plied, as a much larger portion of the power is expended in 
towing the dead water against which the screw re-acts, than 
is afterwards recovered by the increased effect of the screw, 
Thus, if the rate of progression of the screw be 10 knots 
through a solid, and if a current flows against it at the rate 
of three knots, this will be equal to a real progression of 18 
knots for the screw, and we need not be much surprised 
if the speed of the vessel, under these circumstances, ex- 
ceeds the apparent speed of the scrow by perhaps one 
knot per hour. Anomalies of this kind most frequently 
occur in auxiliary-screw steamers, where the vessel, after 
attaining a high velocity by sails alone, still continues to 
derive additional assistance from the screw, although its 
speed may not equal that of the vessel. 


Dragging of the Screw.—In such vessels, therefore, it 
does not always follow that the engines are no longer use- 
ful after the speed attained by the sails is equal to the 
progression of the screw, but the engineer should undeg 
these circumstances watchethe thrust of his propeller shaft 
very narrowly, as there must be a limit to this in all vesselg 
carrying a large spread of canvas. If he find the thrust te 
cease, he will then know that the screw is “dragging,” and 
will recommend his commander to discontinue the use of 
the engines as being no longer serviceable. Direct eviw 
dence of the screw “dragging” has been obtained by the, 
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fact of @ propeller having been carried away by the strain 
broaght upon it from the velocity of the ship due to the 
watis exceeding the velocity of the screw. The rupture in 
this case clearly showed that the blade, which was of iron 
plate riveted upon a wrought-iron arm, was torn off dack= 
wards by the drag brought upon it. 


Disconnecting the Screw.—It is usual in the Government 
service to provide means for withdrawing the driving shaft 
out of a socket in the screw shaft, for the purpose of dis- 
connecting the screw and raising it entirely out of the water 
when the ship is under canvas. This is effected by having 
a hollow trunk constructed over it in the stern of the vessel, 
into which the screw is lifted by proper machinery, the outer 
screw shaft fitting into vertical frame of gun metal which 
rises along with it. This will be best understood by refer- 
ence to the frontispiece, which is a section of the stern of a 
vessel so fitted. In some vessels, the screw is only capable of 
being disconnected from the engines, and left free to revolve 
by the action of the water upon it, from the motion of the 
fessel. Contrivances have also been introduced to place 
the blades in a fore and aft direction, so that they may 
lie within the dead wood of the vessel, and present no 
projecting surface to impede her progress, or affect her 
steering. 


The Propeiling Power of the Screw.—tIf the spindle of the 
screw (see fig. in page 113) be supposed to be passed through 
tha side of a box filled with water; and made to revolve there 
without the power of moving in the direction of its axis, it will 
send the water away from it with a certain amount of force, 
and hence, as action and reaction are always equal, the screw 
is pushed forward with this amount of force ; and, if it were 
attached to a ship, the ship would thus be propelled. The 
reverse of this action would take place, and the ship would 
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be pulled backwards, if the screw were made to revolve in 
the opposite direction. From the number of revolutions 
which a screw propeller of a known pitch makes in a minute, 
the progress which it would make in an hour is calculated ; 
ond, if the speed of the ship be found by observation to be 
less than this, the difference is the slip. 


Explanation of the Term “Screw Blade.”’—TIf the screw 
(see fig. in page 113) be cut into any number of portions by 
planes passing across it at right angles to the axis, which would 
be represented in the figure by lines, any one of the portions 
would have the appearance of the vane of a windmill; and, 
if the screw were two-threaded, the vanes or blades would 
be exactly opposite each other. If asixth part of the length 
of the screw be marked off in the plate, it will be seen that 
the part will then resemble one of the blades of the screw 
propeller represented in its place in the vessel in the from 
tispiece, the latter screw however being two-bladed. 


To find the Pitch of a Screw Blade.—This operation pro- 
eceds upon the fact that if a ine representing the circum- 
ference of the screw’s disc at its extreme diameter, and 
another representing the pitch of the serew, be drawn at 
right angles to each other, to a scale of parts, the hypo- 
thenuse of this right-angled triangle will represent the length 
of the winding thread. After measurmg the diameter m 
order to find the cireumference from it, the length of the 
blade along its periphery is to be measured, this being a 
portion of the hypothenuge of the triangle whose sides we 
wish to determine; then measure the distanee that one 
corner of the blade is befere the other in the line of the 
axis, and this being a portion of the pitch is a part of 
another side of the triangle. Now two sides of & right 
angled triangle being knewn, the third can be found in this 
ese by subtracting the square of the side from the square 
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of the hypothennse and finding the square root of the re 
mainder, and the dimension so found will represent a por- 
tion of the circumference. And now, as this portion of the 
circumference is to the whole circumference, 80 is the por 
tion of the pitch as measured to the whole pitch. 


Introduction and Progress of the Screw Propeller.—Having 
thus endeavoured in a popular manner to give an outline 
of what a screw propeller is, if may not be uninteresting 
or out of place to trace shortly the introduction and pro- 
greas of screw propulsion. Dr. Shorter, a practical me- 
chanic of this country, succeeded in propelling a vessel by 
@ screw in 1802; but, as no power was at that time known 
wapable of driving his propeller with proper effect, it fell 
dnto oblivion. The first introducers of Watt’s steam engine 
for marine purposes adopted the paddle wheel; and its 
guccess, with such an agent to drive it, seems for a time to 
have drawn off the current of invention entirely from sub- 
merged propellers. Though other patents had been taken 
out, it was not till Captain Ericsson and Mr. F. P. Smith 
brought out their experimental vessels in 1837 that any real 
progress was made. Captain Ericsson’s small vessel of 45 
feet in length and 8 feet beam, and drawing only 2 feet 8 
inches of water, towed the American ship Toronto, of 630 
tons burthen, on the Thames, on 25th of May, 1837, at the 
rate of 43 knots per hour against tide, as authenticated by 
the pilot: and also towed the Admiralty barge, with their 
Lordships, from Somerset House to Blackwall and back at 
the rate of about 10 miles an hour. To Captain Uricsson’s 
anxious application, and after his pointing out the man 
advantages of a submerged propeller for vessels of war, he 
received the discouraging reply that their Lordships de 
clined to entertain the project. Later in the same year 
Mr. Smith made some very successful trips with his small 
boat and screw propeller between Margate and Ramagate. 
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The text screw vessel was the Robert Stockton, in 1899, 
built for an American gentleman who had witnessed Cap- 
tain Ericsson’s experiments and taken a favourable and 
correct view of them. This vessel was eminently succese- 
ful; but the designer, finding himself still unable to move 
the Board of Admiralty, left this country for America, 
whither this vessel had proceeded, determined to prosecute 
his invention there. In the mean time some influential 
mercantile men had connected themselves with Mr. Smith 
with the view of purchasing his patent; and the Archi- 
medes, a vessel of 232 tons and 80-horse power, was brought 
out in 1840.* The success of this vessel was complete, and 
the publicity given to her performances by her spirited 
owners, who took her round Great Britain and showed her 
powers in every port, rendered the capabilities of the screw 
no longer a matter of doubt. The Board of Admiralty 
having received most favourable reports of the perform- 
ances of this vessel from Captain Chappel, who had accom- 
panied her on this voyage, and from Mr. Lloyd who had 
witnessed her performances in making several trips between 
Dover and Calais in competition with the mail steamers 
then running, now ordered the Rattler to be built on the 
same lines as the paddle-wheel steamer the Alecto, and with 
engines of the same nominal horse power. The next screw 
vessel to be noticed whose performances influenced the pro-« 
gress of the screw as a propeller is the Dove, constructed 
at Liverpool, of iron, under Mr. Smith’s direction. The 
speed realized, however, was not equal to what was expected 
if she had been fitted with paddle-wheels: the owners were 
in eonsequence dissatisfied, and ordered her to be altered as 
quickly as possible to paddle-wheels. She was built with 
very fine lines abaft; and, most unfortunately, from this 
ercumetance, and from some experiments in the Archi. 
medes which had proved the possibility of negative slip, 


- « ®© See Appendix D, te Tredgold on the Stedm Engine, 4to, 
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Mr, Sinith, and those with him on whose judgment as men 
of science he relied, took up the idea that full stern lines 
were the moat advantageous for the screw. The Rattler 
was now tried; and, after her trials had fully satisfied the 
Board of Admiralty, they ordered the construction of several 
additional screw vessels, and Mr. Smith inculcated his views 
in favour of full sterns upon their different constructors. 
This was finally proved to be erroneous, and that a fine run 
with a ready access for the water to the screw, and as clear 
an eseape for it abaft as possible, was absolutely nocessary, 
and the whole of these vessels had to be altered at great 
cost. In the mean time the screw had risen most rapidly 
in favour with the public, and fast vessels had been con- 
structed by Mr. Slaughter, of Bristol, with Wooderoft’s 
patent screw, and by other parties, as well as several aux- 
itary screw vessels. 


Varieties of the Screw Propeller—A. great variety of 
patents for screw propellers were taken out, not only before, 
but also largely sinee the success of Captain Ericsson and 
Mr. Smith; but it is proposed here to refer only to those 
which have been found successful on trial, and which seem 
to promise to be of any practical utility. The propellers 
formed of portions of a true screw, have been already de- 
serrbed, and of these Smith and Lowe claim to be the par 
teniees ; the latter party haying taken out a patent in Sep- 
tember, 1838, for the use of one or more serew blades, 
similar to what are now generally employed. 


Wooderoft’s Serew.— Professor Woodcroft, in his patant of 
1832, prior to Captain Ericsson and Mr. Smith, proposed a 
serew of such construction that the pitch or distance be- 
tween the revolutions of the thread should continually in- 
erease through its whole length, with the view that the 
after part might act with greater efficiency on the water 
that had been previously acted upon by the foremost part. 
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He fell into the error, into which Mr. F. P. Smith also 
subsequently fell, of supposing that one full turn or more 
of the thread was requisite to make an efficient propeller ; 
and no practical progress was made with his invention, 
till the first experimental vessels already referred to had 
been tried and found to be successful. Woodcroft then 
reduced the length of his screw to that of Lowe’s blades, 
and a trial was made with it in the Rattler, when the fol- 
lowing results were obtained, in comparison with a pro- 
peller of similar proportions, but whose blades were portions 
of a true screw :— 





Woodcroft’s 
True Screw. Bassin, 
18th of March,| 13th of April, 
1844. 1844, 








— ~ 





4 4 
9 ft. Oin. 9 ft. Oin. 
1 ft. 7 in. 1 ft. 7 in. 
1] ft. O1n. 11 ft. Oin. to 


Number of Blades ........ 0. cc eeeeee 
Diameter of Propeller... 

Length of ditto..........e0.-00. 
Pitch of ditto ........00 es eee 


11°55 ft. 
Strokes of the Engine per minute . 26°28 24°152 
Mean pressure of Steam, oye indicator . 14°38 14°57 
Horse Power, ion indicator . ieee 459 428°76 
Speed of Ship . 8-180 =| = 8159 


To compare these results, we know that if both propellers 
‘were equally efficient, the speed should be as the cube roots 
of the powers exerted ;—now if 459-horse power gave & 
specd of 8:180, to find what speed 428-76 ought to give, we 
must use the following proportion, 4/459: «/428°76:: 8180 
:7°9962. But instead of 7-9962 knots, Woodcroft’s screw 
with this power gave a gpeed of 8159, or nearly 3 knot 
more, thus proving its superiority to this extent in this 
case. 


Ericsson’s Propeller.—Captain Ericsson’s propeller con- 
sists of a number of blades fixed at a distance from the 
axis upon the periphery of a short cylinder, or ring of 
metal, the ring being united to the axis by two or more 
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arms. 
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It is here represented. Both M. Carlsund and M. 


Sorenson of the Swedish navy are using a 
similar screw, but with the ring on the 
periphery or exterior of the blades. The 
blades and arms are segments of a screw, 
and there is nothing to prevent this being 
a most efficient propeller. It seems to con- 
tinue in favour in America and in France; 


I _ but the great objection to it in this country 
zz is the difficulty of removing it, or preventing 


it from retarding the vessel when she is 
placed under canwas. Captain Ericsson at 
first used two of his propellers acting im 
combination, but he soon found that one 
was sufficient. 


Maudslay’s Feathering Screw.—This screw 
is represented in the opposite page. The 


object sought to be attained is, that the blades, whenever 
the vessel is put under canvas and the screw not required, 
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MAUDSLAYS FEATHERING SCREW, 
let. In position for use as a Propeller. 
2ud. In position for sailing under canvas alone. 
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should he placed in a direction parallel with the line of the 
keel, and so form as it were a portion of the dead-wood, 
as they cause considerable obstruction if permitted to re- 
main fixed in their position, or even though they be discon- 
nected from the engine and allowed to revolve. In auxiliary 
sailing vessels not fitted with a trunk or aperture for the pur- 
pose of raising the screw out of the water, this is particularly 
valunble; but it will also be found useful in men of war, by 
lessening the width of the trunk through which it has to rise, 
if this be desired; and also by the facility which it gives in 
emergencies, for placing a vessel quickly under canvas, or 
under steam, without requiring the aid of the crew; and also 
for placing the vessel under canvas when it may not be pos- 
sible to keep the engines at work, from their having been 
injured by shot or any other cause, and when it may at the 
same time be imperative to keep the screw down in its place 
to permit the stern guns to be used over the aperture of the 
trunk, 


Hodgson’s Parabolic Propeller.—This propeller is con- 
structed with two blades, placed at an angle to the centre 
line of the axis, but differing essentially from the blades of 
a true screw, or of Woodcroft’s screw, in their being hollow 
on the face, and being bent backwards in such a form as to 
be portions of a parabola. It is now much adopted in 
Holland. The peculiar principle of this propeller lies in 
this, that whereas the line of the action of other propellers 
upon the water is parallel to their axes, and the particles of 
water when driven off assume the form of a cone diverging 
as they recede; the water acted upon by the parabolic pro- 
peller, when driven off from each blade, is projected by the 
nature of the parabolic curve to its focus in the line of its 
axis. The water is therefore forced towards the centre, and 
exerts a greater amount of resistance, from its not being 
so readily thrown up to the surface in the line of least 
resistance, where it escapes in the form of broken water. 


MANNER OF APPLICATION. 125 


Macintosh’s Elastic Propeller—This propeller is con- 
structed with flexible blades of steel, in such a manner that, 
when made to revolve, the action of the water in pressing 
against them to propel the vessel bends or springs their 
faces back, so as to make them approach nearer to 4 
disc at right angles to its axis; and it is understood that 
Mr. Macintosh, if he could construct his blades to be so 
very flexible, would desire that they should be so bent as to 
assume this form when revolving at their highest velocity. 
In this case the propulsion of the vessel, instead of being 
obtained on the principle of the screw, may be looked upon 
as being obtained by the elastic spring or tendency of the 
blades to recover their form, thus keeping up a constant 
pressure upon the water behind them, and forcing the vessel 
forward. The higher the velocity of revolution is, the 
more the blades will be bent back, and the greater will be 
their propelling force, until they assume the form of a disc, 
when any further velocity would cease to produce additional 
effect. 


Comparison of the Flexible Propeller with the Action of a 
Fish.—The tails of three fishes—salmon, mackerel, and her- 
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ring—that swim at high velocities are here represented ; 
and, if the mode of their action be considered, it is con- 
eeived that it will be seen to resemble that of Macintosh’s 
propeller more than that of the Archimedean screw. When 








the tail of the fish is moved to the right, the web, or thin 
finny part, is bent to the left on account of its weakness in 
comparison with the stronger parts near the body; and it 
is conceived that it is from the water pressing upon this 
oblique portion, while it keeps it bent back in opposition to 
the force exerted by the fish to send it to the right, that the 
motion is obtained. 


In the Application of the Screw, fine After-lines are in- 
dispensable.—With regard to the application of the Screw 
propeller, it is now well understood that the after-lines of 
the vessel must be kept as fine as practicable just before the 
screw, the body of the vessel terminating, if possible, at 
the inner stern post, so as to avoid the flat surface, or 
“square tuck,” which occasioned so much disquietude to 
our dockyard engineers upon the first introduction of this 
principle. It was then shown by experiment with the 
Dwarf that the filling ont of the lines immediately be- 
fore the screw produced a most injurious effect upon the 
speed of the vessel, and those of the Admiralty scrow 
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steamers which have had their lines fined away there, have 
since advanced in speed by several knots an hour. In 
wooden. vessels, the edges of the screw aperture are atrength- 
ened with gun-metal castings, by means of which a sharper 
finish can be given to them. And it is chiefly in this 
point of view that iron vessels have shown themselves 
better adapted for the screw propeller than wooden ones, 
in consequence of the extreme fineness to which they may 
be tapered at the stern-post, with a due regard to strength. 


Diameter of Screw.—The diameter of the screw should, 
in most cases, be made as great as the draught of water 
will admit, and for running in smooth water its upper edge 
need not be more than a few inches beneath the surface. 
In the case of sea-going vessels, it is preferable to keep it 
18 inches or 2 feet below the mean surface of the water. 


Area of the Screw.—By the area of the disc of the screw is 
understood the area of the circle described by its extreme 
diameter. When the area of the blades is spoken of, their 
actual oblique surface should always be specially distin- 
guished from the plane projection of the resisting surface. 
This latter measurement, as representing the actual amount 
of surface directly employed in the propulsion of the vessel, 
is probably the most important of these areas. The 
Dwarf’s experiments show that the speed of this veasel 
gradually increased a little as the length of her screw was 
diminished from 2 feet 6 inches to 1 foot, the area cor- 
responding to each length being 22:°2 and 8:96 square feet 
respectively. It appears at first sight remarkable that so 
great a variation in the resisting surface should cause so 
little disturbance in the speed of the engines or of the 
vessel, thus showing very plainly how amall a segment of the 
whole “pitch” is required to absorb all the power which 
the reaction of the water is capable of imparting. The fact 
seems to be that the water in which the screw revolves ac- 
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quires‘very soon the same rotatory motion with the screw, 
and as its resisting power is thus destroyed by the action of 
the leading part of the thread only, any additional length of 
‘serew, after the power has been absorbed, only retards by 
friction. The Rattler’s experiments, conducted by tke 
Engineering Department of H. M. Dockyard at Woolwich, 
were commenced with a screw 5 ft. 9 in. long, which 
‘was gradually shortened, followed always by an improve- 
ment in the speed of the vessel, until it reached its present 
length of only 15 inches. The result of numerous experi- 
ments has led to the now very generally received opinion 
that the length of the screw should be about one sixth of 
its pitch. 


Relative Value of Coarsely or Fine pitched Screws.—The 
question between the relative values of fine and coarsely 
pitched screws appears to be as yet quite undecided. The 
equally good results that have been obtained (more espe- 
cially in the merchant service) by the use of coarsely pitched 
screws running at a comparatively low speed, and very finely 
pitched screws running at a great velocity, tend to the con- 
clusion that a variation in pitch is not of much practical 
importance within certain limits. 


Extent of Slip of the Screw.—The diameter of the screw 
and the speed at which it is driven modify, in a great mea- 
sure, the amount of slip, which is usually found to diminish 
in proportion as the diameter and velocity increase, Thus, 
the diameter of the Rattler’s screw during her experiments 
was 10 feet, and the average slip 15 per cent., while the 
Dwarf and Fairy, with screws of between five and six 
feet diameter, showed an average slip of about 35 per cent. 
The slip is also affected by the form of the vessel’s run, 
and the manner in which the water closes in upon the 
screw, 80 that it is necessarily very uncertain, of will pro- 
bably vary in eyery ship. 
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CHAPTER XI. 


COMPARATIVE MERITS OF DIFFERENT STEAM VESSELS 
AND OF SCREW AND PADDLE-WHEEL VESSELS. 


To compare the General Efficiency of different Vessels.—It 
will be apparent from what has been already said that it is 
very difficult, if not wholly impracticable, to institute a just 
comparison between the degrees of efficiency of different 
steam vessels. In the first place, the performance of the 
machinery has to be separated from the question of the 
form of the vessel, if we would enter minutely into the 
subject, and the performance of the machinery itself should 
again be subdivided into the relative efficiency of the en- 
gines and boilers. 

But as it cannot be expected that mercantile men should 
enter into these details, a simple method of drawing a 
general and approximate comparison between different ves~- 
sels taken as a whole may be found useful. 


For Commercial Purposes.—It is at once apparent that 
the mere statement of the number of miles run for one 
ton of coals, can be a just criterion only between vessels of 
the same or nearly equal size, making the same voyage, at 
nearly equal speeds, and that it is by no means applicable as 
a general standard, since a ton of coals will, as a matter of 
course, carry a small vessel further than it will a larger one. 
As we have seen, too, that an increase of speed is obtained 
only at the expenditure of a very great increase of power, a 
proper allowance must abso be made for this. Hence to 
draw even the most superficial comparison between the “ ef- 
ficiency” of two steam vessels, their speeds must first be 
reduced to a common standard, and the relation must then 
be found between the consumption of the fuel at this speed 
and the size or tonnage of the vessel, the maximum speed of 
each being considered as a separate questicn. The signifi- 


cation of the term efficiency, varies so materially in different 
1 9 
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classes of vessels, that steamers of the same class only can 
be justly compared together; the speed required by any 
particular service, or in other words, the estimation of time 
in each service, being a totally distinct consideration, as re- 
gards consumption of fuel and general efficiency. Thus, 
one vessel may make a voyage at a slow rate, and with a 
amall consumption of fuel, while another vessel of the same 
power and tonnage, although it may be of very decidedly 
superior “ efficiency,’ may consume a much greater quantity 
of fuel, by performing the same voyage in a much shorter 
time. In the Government service, the time occupied by a 
voyage is usually not so much considered as a low consump- 
tion of fuel, and the vessel is therefore limited to a slow and 
economical speed. In the case of merchant steamers, on 
the other hand, this system would be the reverse of economy. 

It is believed, that if the number of Register tons carried 
by one ton of coals, at the rate of 10 knots an hour, be 
taken as a common standard of comparison for estimating 
the duty of sea-going steamers, it will be found sufficiently 
accurate for mercantile purposes, the maximum speed of the 
vessel being treated as a separate consideration, 

Example No. 1.—Suppose, for example, that a vessel of 
1300 tons, and 500 horse power is found, by experiment, 
when at her medium draught of water, to make 10°5 knots 
an hour, with a consumption of three tons of coal per hour. 

To reduce her performance to the proposed standard, 
therefore, the following calculation must be made :— 

10°5 knots : 10 knots:: 4/3 tons, present consumption : 
./ required consumption. 
Cubing these quantities, and working out the proportion, 


we have 
1157-625 : 1900 :: 3 ° 2°59 tons, required consumption. 


We have thus found that 1300 tons (tonnage) are carried 
10 knots in an hour, by s consumption of 2°69 tons of 
coals : Therefore, 


7 501'9 tons (tonnage) carried by this steamer a distance of 10 
knots in an hour, by one ton of coals. 
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Eeample No. 2.—Again, a vessel of 1072 tons and 400 
horse power, is propelled at the rate of 10-4 knots, with 
consumption of 484 cewt. of coals per hour: 

Then, as before, 10°4 : 10:: 4/ 48°5 : 4/ required consumption. 
Or, 1124°8 : 1000 :: 48°5 ° 43:1. 

And now, 43°1 : 1072 :: 20: 497°4 tons (tonnage) carried by this 

steamer a distance of 10 knots in an hour, by one ton of coals. 

The comparison between those two steamers, therefore, 
shows that their performance is nearly equal, being in the 
proportion of 501-9 to 497°4, 


To compare Efficiency of Different Vessels for Scientific 
Purposes —If it be wished to form a more scientific and 
accurate comparison, the soparate question of the efficiency 
of the boiler being ascertained by an experiment as to weight 
of water evaporated by 1 lb. of coal, and the efficiency 
of the engine by finding the quantity of steam used in it to 
produce an indicator horse power, it will be necessary to 
substitute the indicator horse power for the consumption 
of fuel, and the actual displacement of the vessel for the 
nominal tonnage. With regard to the latter point, it is 
much to be regretted that a certain petty jealousy still 
existing amongst ship builders, though now happily ex- 
ploded amongst enginecrs, frequently steps in to obstruct 
the investigation of all questions relating to the form and 
displacement of a vessel’s body, by withholding the design 
from which it was built. As the lines of the vessel cannot 
be deduced from the scale of displacement,* however, we 
think that every owner of a steamer may insist upon this 
being supplied to the captain of his ship, without taxing 
too far the communicativeness of the designer, who, it 
would appear, is apt to forget that only quacks and charla- 
tans work in secret, while with the true scientific prac- 
titioner all is open and above-board, and publicity courted. 
with a view to criticism and discussion, and consequently 
progressive improvement. 

* For an example of a scale of displacement, see Rudimentary Treatise 
on Shipbuilding, Vol. I., in this series, Plate C, 
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The number of tons of displacement, therefore, that 100 
gross or indicator horse power will propel at the rate of 10 
knots an hour, is proposed as a standard of comparison for 
enabling us to judge of the relative values of different forms 
of vessels. 

Example No. 1.—A vessel, upon trial, is found to have a 
speed of 10-5 knots an hour, the engines exerting an indicator 
power of 1440 horses, and the displacement being at the same 
time 2380 tons, as taken from the scale of displacement. 

Then, as 10°5 knots : 10 knots ;: a/ 1440 H.P. | 
./ indicator power required ; 
Or, 1157°625 : 1000 :2 1440 : 1243°9, 

And 1243°9 : 2380 :: 100 : 191°3=tons of displacement propelled, in 
this vessel, by 100 indicator horse power at the rate of 10 knots an hour. 

Example No. 2.—Another vessel, on trial, is found to 
have a speed of 10°4 knots; her engines exerting an indi- 
eator power of 919°6 horses, and her displacement at the 
same time being 1323 tons. 


Or, 1124 8 : 1000 :: 919-6 : 817°5, 
And 817°5 : 1323 :: 100 : 161°8 = tons of displacement propelled, in 
this vessel, by 100 indicator horse power, at the rate of 10 knots an hour. 


Comparison between the Screw and the Paddle as a Means 
of Propulsion.—This leads us to consider the broad question 
of the relative merits of the two great rival modes of pro- 
pulsion, by screw or by paddle wheel. 


General View of their respective Efficiency for full-powered 
Passenger Steamers.— Although the screw certainly possesses 
many advantages over its rival, which are at once apparent, 
these must, nevertheless, be considered of minor import- 
ance, in the case of passenger steamers, if it fail to ensure 
the same amount of regularity and speed which we are ac- 
customed to obtain from the paddle wheel, with engines of 
the same power. That this deficiency actually exists af 
present is incontrovertible, and this has hitherto prevented 
the adoption of the screw in steamers designed for quick 
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passenger traffic, both for ocean and river navigation : ‘the 
general impression amongst practical men of the present 
day being, that it is inapplicable in the first case from its 
observed deficiency of power when the vessel is pitching while 
steaming head to wind; and, in the second case, that a con- 
siderable draught of water is requisite for its efficient action. 
Although experience certainly favours these views, the 
staunch advocates for the screw will not willingly admit 
their truth; and if its very recent introduction be con- 
sidered, as well as the rapid advances which have really 
been made in improving it, it is, perhaps, natural that they 
should withhold their assent.. The slow progress that was 
made in bringing the paddle wheel to its present state 
of efficiency must not be forgotten, especially as the ship- 
builders of the present day have shown as much desire to 
box up the screw in its position, as their predecessors did 
to keep the paddle wheel buried in sponsons. 


Efficiency of the Screw for full-powered Steamers of War.— 
The value of the screw in vessels of war, not only as an 
auxiliary, but also in full-powered steamers, seems to admit 
of but little doubt.—A clear broadside for the guns; the com- 
parative safety of the machinery from shot owing to its low 
position ; the increased stability of the ship from the same 
cause, enabling her to carry heavier armament on the upper 
decks ; and the freedom of these decks from the machinery ; 
and finally, the power of arranging the masts, sails, and 
rigging, so as to make her an efficient sailing vessel, are 
advantages of such moment, that even if a considerably 
higher power were required to realize the same speed as 
would be obtained from paddle-wheels, the adoption of the 
screw would appear to be justified. 


Efficiency of the Screw as an Auxiliary in Sailing Vessels.— 
The screw, as an auxiliary propeller, to be used either in a 
calm, or in conjunction with sails in light or contrary winds, 
stands unrivalled. Several attempts have been made to adapt 
the paddle wheel and other propellers to this purpose; but 
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they have signally failed to meet the varying eircumetances of 
the ship deeply laden, sailing light, or heeling over under a 
press of canvas. The efficiency of the screw, however, remains 
comparatively unimpaired under any of these circumstances. 


The Success of the Screw as an Auxiliary in Men of War.— 
In the Royal Navy, the best test of its success in this respect 
is, that the screw vessels employed in cruizing for slavers 
have been pre-eminently serviceable. It has been also per- 
fectly successful in the various classes of,vessels in which it 
has been fitted as an auxiliary, from the Plumper of 9 guns, 
up to the Frigate Arrogant of 46 guns, and the old 72-gun 
ships converted into guard ships, and it is anticipated that 
the largest ships of war will have this additional service. 


The Effect that Auxiliary Screw Vessels may have on the 
Shipping Interests of the Country.—The success of auxiliary- 
screw merchantmen has already been such, that it appears 
probable that the whole commerce of the country will be 
carried on by them at so reduced a cost as to beat out of 
the field all sailing vessels, not only of this but of other 
countries; the value of speed and regularity being now so 
greatly and so truly appreciated by merchants. Ifthere be 
any truth in this view of the case, the results to the country 
will be most important ; but they must be carried out with 
energy by the combined efforts of ship-owners, ship-builders, 
engine-makers, sailors, and engine-workers, and this will 
not be done without a struggle on the part of some of those 
in favour of their old-established habits. 


The City of Paris, built by Messrs. William Joyce & Co., 
is an iron steam ship built for the Commercial Steam Navi- 
gation Company, and plying with passengers and goods be- 
tween London and Boulogne. Her principal dimensions are— 


ft. in. 

h between a cae ‘ -« 165 0 

Breadth of beam F . . 2 0 

Depth of hold . ‘ . : . 14 90 

Draught of water : . ° 6 6 
Burthen . 425 tons. 


Speed per hour i in still water, 15° 75 statute miles. 
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The vessel and engines were constructed by Messrs. Wil- 
liam Joyce & Co., of the Greenwich Iron Works; and, as a 
matter of interest, it may be mentioned that this is the first 
iron steam ship ever built at Greenwich. 

Her engines are of the collective power of 140 horses, and are 
ef the direct action kind. Each piston has two rods, between 
which there is a recess in the piston, which allows of a corres- 
ponding recess in the cylinder covers, and thereby permits the 
connecting rods to descend considerably lower than is prac- 
ticable in the single-rod direct action engine. The arrange- 
ment is most compact and simple; and it is manifest that the 
cylinders being fixed a most important advantage is secured. 

These engines occupy less space than any other descrip- 
tion of marine 
engine yet 
known; and 
both the en- 
gines and 
boilers may 
be taken as a 
fair specimen 
of the great 
reduction of 
space and 
weight effect- 
ed by modern 
arrangements 
over the ear- 
her examples ‘ 
of steam ma- | 
chineryasap- f[ 


plied to naval 5 ~ ; : 
purposes. ) - 


Pacha of Egypt Steam Yacht Kaseed Kheir, is a fine 
schooner-rigged steam screw yacht, constructed of iron. 
Her dimensions are— 
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ft. ia, 
ae perpendiculars . : ; se : 


Depth of hold. ; ‘ : . la 
Mean draught of water . ; ; » 6 6 
Burthen, O. M. ‘ ‘ . 240 tons. 


Built by Messrs. William J ie & Co., Greenwich Iron 
Works, and fitted by them with a pair of vibrating engines 
of collective 


Horses’ power, nominal . ; ; ; 80 
Horses’ power, by indicator ; : . $il 
Diameter of cylinder ‘ ; : . ft. 0 38 in. 
Length of stroke . ‘ : ; . 0 30 


Strokes per minute, 42 
Multiple of gear, 5 to 1. 


Screw propeller diameter ‘ , » 6 6 
ra) pitch 7 3 
rT length 1 3 


ne number of blades, 2. 
Revolution of screw, 210. 
Speed of vessel, 14 mules. 


Of the Spiral Propelier or Water-Screw.—The acting por- 
tion is a spiral surface projecting from a cylindrical axis * 
and, in order that it may be at all effective, each pomt in 
the surface must revolve so rapidly, that the motion of that 
point in the direction of the axis must be greater than that 
of the vessel. Also, if the angle of the spzral to the axis be 
constant, it is obvious, that by having more than one revo- 
lution, the rest add little to the effect, perhaps not equivalent 
to the additional friction. 

Let BAC- abe the angle which the screw forms with 


dS 





a line A B perpendicular to its axis; then, during the time 
* See Tredgold’s Work on the Steam Engine, Division B, Marine, 
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the boat would move from C to B, a point in the surface 
must move from B to A, otherwise it would retard the boat; 
and, in order that it may be effective, it must move at some 
greater velocity. But the velocity of the boat, », is to that 
of a point in the surface, when no effect is produced, as 


BC:AB::»: se = —— Henee the actual effective 


velocity must be 
» V tan. a— 9 
tan. 2 tan. @ 
Q2Qar 


Let x be the variable radius of the cylinder, then —~— = 
the length of the spiral, and 2%"*" — the differential of 
cos. @ 


Vv— 











its area. Its resistance is therefore 


x (V tan.a— v)? (2 sin. a* + sin.a®) ede 
cos. @ tan.%a : 


when the vessel is at rest; and when it is in motion, it in- 


° e V tan. a-—0 
creases in the ratio of ares hence 


wo(V tan.a—v) (2 sin.2¢ + sin.a) 2d. 2 =the differential of the resistance. 
The integral gives 
$ xv 2? (V tan. a—v) (2 sin. 2a + sin. a) = the resistance. 


This resistance is to the effect to impel the boat as the 
radius is to tan.a; hence 
$a" o (V tan. a— v)? (2 sin. a? + sin. z) tan. a = the force, 
and 4 + 2? o® (V tan. a — v) (2 sin. 2¢ + sin.) tan. a = the effect, 


which should be equal to the resistance of the vessel. 
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CHAPTER XIT. 


SCREW STEAMERS IN THE ROYAL NAVY AND MERCHANT 
SERVICE. 


Full-powered Vessels: The Rattler—The Rattler is a 
vessel of 888 tons burthen, and has engines of 200 horse 
power collectively. The area of her submerged midship 
section (at 10 ft. 6 in. draught) is 330 square feet. Her 
most favourable experiments were made with the common 
or Smith’s two-threaded screw, 10 feet diameter, 15 inches 
long, and 11 feet pitch, the effective surface being about 23 
square feet. With this screw the engines made 26°19 re- 
volutions per minute, and the screw 103°67 ; the speed of 
the vessel being 10°074 knots an hour, and the slip of the 
screw 10°72 per cent. 


Dimensions and Speed of the Fairy.—The following are 
the dimensions of H. M. steam yacht Fairy, also a favour- 
able specimen of screw propulsion. 


Length between the perpendiculars , . 144 ft. Sin. 
Breadth of beam for tonnage . ° ‘ . 21,, lbs, 
Depthin hold . . . . - 9,10 yg, 
Burthen in tons, builder’s old sieamavenient - 312 ,, 

Horses power F ‘ ‘ , ‘ . 128 ,, 

Draught of water . . . ; ~ Gy 

Diameter of screw . : ; a F a ee ey 
Length of screw. é ke : 16 ,, 
Revolution of engines per dinate a a 48 ,, 
Dittgacrew, per minute . ‘ ‘ ; 240 ,, 


Maximum speed of the vessel, 13} knots. 


SOREW STEAMERS IN ROYAL WAVY, BTC. 130 


Dimensions and Particulars of Termagant.—Termagant, 
steam frigate, 24, propelled by the screw. Designed by 
White of Cowes, engines by Seaward. 


Length between perpendiculars , 210 ft. 1 in. 
Length of keel for tonnage . : . 181, 0,, 
Breadth extreme . , * ; . 40, 6,, 
Breadth for tonnage. é ‘ . 40, 0,, 
Breadth moulded ; ; ; » 89 ay 4 oy 
Depth in hold : ; ‘ P , 26.359 5 
Burthen in tons : ; A ‘ - 1547, 0,, 
Horses power ‘ - 620,, 0,, 
Length of space for niueiicey, pace under 

the water line : ; , . 85, 0,, 


The stores—-280 tons of coals in boxes, 6 weeks’ provisions for 320 
men, and 53 tons of water. She mounts four 10-inch guns, and two 
8-inch guns, on the upper deck; and eighteen 32-pounders on the main 
deck. 


During her trial of speed in Stoke’s Bay, her draught of 
water was 16 feet forward and 18 feet aft, with 260 tons 
of coal in boxes. The pitch of her screw (14 ft. 6 inch. 
diameter), was 17 ft. 3 inch. The vacuum in the conden- 
sers 274 inches ; revolutions of screw 36 to 37 per minute. 
Steam in boilers 14lbs. Under these circumstances she 
attaimed an average speed of 94 knots an hour.* 


Dimensions and Particulars of Encounter.—Screw steam 
sloop, 14 guns, designed by Fincham; engines by Penn. 


Length between perpendiculars . 190 ft. 0 in. 
Breadth extreme . ; : ~- S82 25, 
Depth in hold . ° ; : 20 ,, 10 ,, 


* Although this trial is allowed to have been of the most favourable 
nature, the Termagant’s speed falls short, by at least 2 knots an hour, 
of what similar vessels with the same high proportion of horse power to 
tonnage, and fitted with paddle-wheel engines by the same makere, have 
attained. 
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Tonnage, builder’s old measurement , 953 
Horses power, nominal ‘ . 860 
Horses power, by indicator . 646 
Displacements at 12 ft. Gin. mean draught 1290 tons. 


This vessel has been one of the most successful of the 
full-powered screw steam vessels yet constructed. At her 
load draught of 12 ft. 10in. aft and 12 ft. 2in. forward, she 
realised a speed of 94 knots under steam alone, and when 
light she has steamed at 10} and 10} knots. Her sailing 
powers are also good, as she has kept her place under can- 
vas when in company with a squadron. On a trial in going 
before the wind, when the frigates of the experimental 
squadron were making 10 knots, the Encounter was found 
to lose ground, but on her getting up her steam she over- 
hauled them, attaining a speed of 13 knots, with full canvas 
and full power of steam combined. The engines on this 
occasion made 74 strokes per minute, and as the pitch of 
the screw is 15 feet, and it is driven direct from the engine, 
the vessel over-ran her screw and gave a negative slip, and 
realized a higher velocity than could be obtained from her 
ander any other circumstances. 


Dimensions and Particulars of the Arrogant.—Screw fri- 
gate, 48 guns; designed by Fincham; engines by Penn. 


Length between perpendiculars : 200 ft. Oin. 
Breadth extreme. é : « 455, 9-35 
Depth in hold . - " 29,, 6,, 
Tonnage, builder’s old eer: . 1872 
Horses power, nominal e Me og 360 
Horses power, by indicator : - 623 


Displacements at 18 ft. Jl in. meandraught 2444 


Trials of Arrogant (Auriliary).—During the Arrogant’s 
trial in the estuary of the Thames, she had on board her 
full complement of men, viz. 450; provisions for 140 days, 
stores for 12 months, and water for 80 days. Under these 
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circumstances the engines made 63 revolutions per minute 
(working full power), and the speed of the vessel wag 
86 knots: consumption of fuel at the rate of 82 tons 
of coal in 24 hours: with a slight head swell, no sails 
being set. 


Trials of Arrogant.—Subsequently, upon the occasion of 
her steaming round to Portsmouth to be put into commis- 
sion, this fine frigate (which is one of the most successful 
of our auxiliary steam flect) made an average speed of 
seven and a quarter knots an hour, at the measured mile in 
Long Reach, under the following circumstances: She had on 
board 246 tons of coal, 187 tons cf water in tanks and 13 
tons in casks; also her full armament, viz. two 68 pounders 
of 95 cwt. each, mounted on traversing platforms and pivots, 
and sixteen 32-pounder guns of 32 cwt. each, on the upper 
deck ; twelve 8-inch guns for 56-pounder hollow shot, or 68- 
pounder solid shot, and sixteen 32-pounder guns of 56 cwts. 
each, for the main deck. Her draught of water on starting 
was 18 ft. 9 inch. aft. and 16 ft. 10 inch. forward. Average 
number of revolutions of screw, 62 per minute. The en- 
gines are 6 feet under the water line, and the top of the 
steam chest three feet. By trial on this occasion between 
the Nore and Mouse Lights (where there is deep water), she 
is said to have made 8°3 knots by the log, the engines mak- 
ing 57 to 59 revolutions against the wind, and 61 to 62 re- 

*volutions with the wind. The engine room is ventilated by 
a fan driven by the supplementary engine. 


La Hogue.—La Hogue, steam guard ship, old 74-gun ship, 
1750 tons of burthen, and fitted with engines by Seaward 
‘of 450 horses’ power, has a speed of 7:2 knots, the engines 
making 49 revolutions per minute, and consuming 28 tons 
of coal in 24 hours. 


Ajax.—<Ajaz, steam guard ship, old line-of-batile ship of 
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60 guns, 1761 tons, with auxiliary steam power of 450 
horses, propelled by the screw. Mean speed at the measured 
mile in Stoke’s Bay, with all her weights aboard and lower 
masts in, 7'147 knots per hour. Draught of water forward 
21 f% 1l4in.; aft, 28 ft. 1} inch. Height of lower deck 
midship portsill, above the water, 5 ft.54 in. he engines 
are horizontal, by Messrs. Maudslay, with 4 cylinders, each 
55 inches diameter and 2 ft. 6 in. stroke, Smith’s screw 
16 ft. diameter, and 20 ft. pitch. The engines are applied 
direct to the screw shaft, and make 48 revolutions per 


minute. 


The use of Screw Vessels as Tugs—Many experiments 
have been made with screw vessels in towing, and the results 
have generally been most favourable. With a paddle-wheel 
steam vessel not expressly designed for towing, thé revo- 
lutions of the engines are much reduced on taking a heavy 
vessel in tow, and she 1s consequently unable to work up to 
her full power, while the serew vessel is comparatively little 
affected in this respect, and continues to work with compa- 
ratively little loss of power. In assisting a vessel that may 
have got on shore this difference becomes particularly appa- 
rent, because the engines of the paddle-wheel steamer when 
she is held fast are reduced to about one half their number 
of strokes, and consequently to nearly one half their power; 
the engines of the screw vessel not being reduced under the 
same circumstances more than about 10 percent. Auxiliary 
screw vessels also of moderate speed have been found to be 
wonderfully efficient as tugs, arisjng no doubt mainly from 
the foregoing cause. The screw vessel can also be brought 
alongside or be communicated with more readily than the 
other. 

The Screw in the Merchant Service-—The machinery for 
screw vessels in the merchant service is not confined by the 
same requirements as in the Royal Navy, and consequently 
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the screw hes generally been made larger in diameter in 
sroportion to the vessel, and in many instances engines of 
the same form as those used for paddle-wheel-steamers have 
been continued and toothed wheels introduced to obtain the 
requisite number of revolutions for the screw shaft. The 
first results obtained from this course are good, on account 
of the less liability to derangement in engines of tried and 
good construction, but in all vessels of large power it is 
to be feared that the wear upon the teeth of the wheels 
will be such as to give much trouble and cause constant 
renewal necessary. If the amount of surface of the teeth 
in action and the intensity of the power passing through 
them be compared with the proportions in general use in 
wheel-work m the manufacturing districts, it will be evi- 
dent that it would be impossible on board ship to continue 
the same proportions without rendering the wheels much 
too heavy and cumbersome. In auxiliary vessels, there is no 
difficulty in obtaining a sufficient velocity for the screw with 
direct-acting engines and a somewhat coarse pitch, but in 
full-powered vessels the question becomes more difficult, 
though, it is believed, not insurmountably so, when it is 
considered that locomotive engines are running at 200 strokes 
per minute with ease and certainty. The difficulty of 
driving the air pump at the high velocity required has been 
the main difficulty #h the way, but the introduction of 
canvas or vulcanized india rubber valves appears to be one 
way of getting over it, while the introduction of a pair of 
wheels to reduce the speed of the air pump, or of a totally 
different engine fitted on hpard for the express purpose of 
working the air pump, have also been proposed. By the 
latter proposal the engines for propelling the vessel are 
placed in all respects on a perfect equality with the common 
locomotive engine, or they may indeed be made even more 
simple than these by attaching the feed pumps to the sup- 
plementary engine, which would be driven at the ordinary 
speed, 
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Performance of the Screw in Vessele of General Screw 
Steam Shipping Company.—The following statement by the 
managing director of the “General Screw Steam Shipping 
Company,” presents a highly favourable view of the per- 
formance of the screw as au auxiliary propelling power in 
the vessels of that company, from the 1st of January to the 
31st of December, 1849. It is remarked, that the seven 
vessels specified have made altogether during the year 170 
voyages, out and home, with cargoes, perferming a distance 
of 110,849 knots, at an average speed of 8 to 84 knots per 
hour. Only one casualty is stated to have happened during 
the year to any of the Company’s vessels, and that in the 


Thames. 


Performance of the Serew on Canals.—An able report, made 
by Sir John Maeneill, C. E.,.1s inserted in the Appendix, 
p. 225,* 

City of Rotterdam, 272 tons, 33 horse power, has made 


during the year 42 voyages to French and Dutch ports, 
performing 15;450 miles, at an average speed of 8 knots. 

City of London, 272 tons, 30 horse power, has made 44 
voyages to Dutch ports; total distance 13,327 miles; ave- 
rage speed 8 knois. 

Lord John Russell, 320 tons, 40 hébse power, has made 
50 voyages to Dutch ports; total distance 25,379 miles, at 
an average speed of 8} knots. 

Sir Robert Peel, 320 tons, 40 horse power, has made 8 
voyages from Liverpool to Constantinople, and 21 voyages 
to ports of France and Holland; total 24 voyages, 28,206 
miles, at an average speed of 8} knots. 

Earl of Auckland, 450 tons, 60 horse power, has made 4 
voyages to Conatantinople, and 6 to ports of Holland, Por- 
tugal, and France ; total 10 voyages, 28,487 miles. 


* Kindly communicated by John M‘Mullen, Esq., of Dublin, 
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Bosphorus, 586 tons, 80 horse power. Laden with 860 
tons of merchandise, and 120 tons of coal: took 16 days 
164 hours on her first voyage from Liverpool to Constan- 
tinople. Sailed 15th September, 1849; average speed 8-02 
knots. Left Constantinople October 10; time on passage 
15 days 114 hours; average speed 8°50 knots. 


Hellespont, 536 tons, 80 horse power. Laden with 360 
tons of merchandise, and 120 tons of coal. Sailed from 
Liverpool for Smyrna October 15th; time on the passage 
16 days 204 hours; average speed 7°93 knots. Sailed from 
Smyrna Navember 14; time on the passage 18 days 6 hours 
30 minutes; average speed 7°20 knots. Average speed of 
four passages 7°91 knots. 


Speed at the trial of Bosphorus at the measured mile in 
Long Reach, 9 68 knots. 


Speed at the trial of Hellespont at the measured mile in 
Long Reach, 9°65 knots. 


Dimensions and Particulars of Bosphorus.— Bosphorus 
is 175 feet long ; 25 feet beam ; 536 tons burthen; and 80 
horses’ power. Diameter of cylinders, 36 inches; stroke, 
24 inches; diameter of screw, 10 feet, 6 inches; pitch, 18 
feet, 6 inches; mean number of revolutions, 62 2; length 
of the engine-room,’80 feet, which includes space for the 
stowage of 150 tons of coal; draught of water on trial, 
forward, 6 fect, 8 inches; aft, 9 feet, 6 inches, the screw 
being 14 inches out of the water. Mean speed as above, 
9'679 knots; speed of screw, 11:348 knots; slip of screw, 
1'669 knots, or 14:7 per cent. Builders of vessel (iron), 
Messrs. Mare and Co., of Blackwall. Engineers, Messrs. 
Maudslay, Sons, and Field. 


Voyage of Bosphorus under Steam from the Cape of Good 
Hope to Plymouth.—The Bosphorus made the following 
H 
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quick run from the Cape of Good Hope to Plymouth in 
the months of June and July, 1851. She left Table Bay 
at half-past two o'clock in the afternoon of May 31, passed 
St. Helena near midnight of the 8th of June. At daylight 
of the 17th anchored off Sierra Leone, where she stopped 
17 hours to coal. Was off the Island of St. Vincent (of 
the Cape de Verde group) on the morning of the 28rd. 
Left again at noon of the 24th, and arrived at Plymouth on 
the evening of July 7th. She consumed in her outward 
and homeward voyages, 787 tons of coal, and had an average 
speed of 74 to 8 knots. 


Epitome of Rattler’s Experiments.—Before quitting the 
subject of screw-propelled vessels, I shall give a brief epi- 
tome of the results obtained from the extensive and valuable 
series of experiments made with the Rattler, in the year 
1844. 


Dimensions of the Vessel.—This vessel has the following 
dimensions, viz :~— 


4 


¥T. IN 
Length between the i anc © » « 176 6 
Length on keel. = t. . - 157 98 
Breadth of beam é ‘ ‘ ; ‘ . B2 84 
Depth in hold . ae - 1 7 
Burthen in tons, builder’s old meas. ‘ : . 888 094 
Mean draught of water during trials . 11 $ 


Horses’ power, 200; Maudslay, Sons, and Field, Snglaeers: 

Speed of the engines is multiplied by gearing 4 times, nearly. 

The weight of ballast carried during the trials was. 132 tons, 
Ditto ofcoale . . . «© « « 122 4 


Eaperiments.—Feb. 3, 1844, With a two-threaded com- 
mon screw, 9 feet diameter, 3 feet long, and 11 feet pitch, 
the vessel made 9°25 knots, the engines making 26°8 revo- 
lutions per minute, and the screw 106; slip, 19.5 per cent, 
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Feb. 9. With a three-threaded common screw of the 
same dimensions as the last, the speed of the vessel was re- 
duced to 8:28 knots, the engines making 24°2 revolutions, 
and the screw 94°3 ; slip, 19°66 per cent. 


Feb. 23. When the last screw was shortened to 1 foot, 
7} inches, the vessel’s speed increased to 857 knots, the 
engines making 24°8 revolutions, and the screw 98:4; dlip, 
19:7, 

Feb. 28. With a two-threaded common screw, 10 feet 
diameter, 3 feet long, 11 feet pitch, the vessel made 8958 
knots, the engines making 24 revolutions, and the screw 95 ; 
slip, 13°8 per cent. 


March 11. When the same screw was shortened to 2 feet, 
the veasel’s speed increased to 9°448 knots, the engines 
making 25°5 revolutions, and the screw 107; slip, 13°5 per 
cent. 


March 18. With a four-threaded common serew, 9 feet 
diameter, 1 foot 7 inches long, and 11 feet pitch, the ves- 
sel’s speed was 9°18 knots, the engines making 26'3 revolu- 
tions, and the screw 1044; slip, 27°7 per cent. 


April 13. With a four-threaded Woodcroft’s increasing 
pitch screw, of the same dimensions as the last, the pitch 
varying from 11 feet forward to 11 feet 6 inches aft, mean, 
11275, the speed of the vessel was 8:159 knots, the en- 
gines making 24°15 revolutions, and the screw 96; slip, 
23°5 per cent. 


April 18. With the same screw as the last, but with two 
of the blades cut off, the vessel’s speed advanced to 8 68 
knota, the engines making 27 07 revolutions, and the screw, 
107°5; slip, 25-97 per cent. 


April 28, With Smith’s or common screw (of cast brass), 
9 feet diameter, | feet 2 inches long, and 11 feet pitch, three- 
H 2 
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threaded, the vessel’s speed was 9°88 knots, the engines 
making 27°89 revolutions, and the screw 108-4; slip, 15°97 
per cent, Air quite calm. 


June 13. With a common two-threaded screw, 10 feet 
diameter, 1 foot 6 inches long, and 11 feet pitch, the speed 
of the vessel was 9°811 knots; the engines making 27°92 
revolutions per minute, and the screw 110°7; slip, 18°83 per 
cent. 


June 27. The same screw as last, reduced in length to 1 
foot 8 inches, gave a speed of 10-074 knots for the vessel ; 
the engines making 26°19 revolutions, and the screw 103°97 ; 
slip, 10.42 per cent. 


Note.—This is the most favourable result obtained during 
the experiments. 


October 10. With Mr. Sunderland’s propeller, 8 feet in 
diameter, the vessel’s speed was 8°38 knots; the engines 
making 17°49 revolutions, and the screw-shaft 69:97. 


October 12. With Mr. Steinman’s propeller, 10 feet 
1 inch diameter, the vessel’s speed was 9°538 knots; the 
engines making 25:06 revolutions, and the propeller 10424 ; 
the pitch 11 feet 6 inches; slip, 29°32 per cent. 


October 17. With the common screw, 10 feet diameter, 
11 feet pitch, 1 foot 3 inches long, the speed of the vessel 
was 9°893 knots; the engines making 27:08 revolutions, and 
the screw 108°12 ;—slip 15-65 per cent. 


The experiments show, therefere, that the common screw, 
of the dimensions last quoted, gave a higher result than 
either Mr. Woodcroft’s, Mr. Sunderland’s, or Mr. Stein- 
man’s. 


Thrust on the Dynamometer—-Experiments were made 
during the last three trials to ascertain the actual thrust of 
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the screw in propelling the ship, 
by observing the pressure on the 
spring of the dynamometer fitted 
to the end of the shaft. The re- 
sults were as follow :— 


October 15. With Sunder- 
Jand’s screw, the speed of the 
vessel being 8°346 knots, the 
pressure on the end of the shaft 
was 2°88 tons; the horse-power 
calculated by the dynamometer 
being 164:9, and by the indicator 
320 horses: the ratio of the two 
powers being as : 1:94. When 
the speed of the vessel was re- 
duced to 6°698 knots, the pres- 
sure on the end of the shaft was 
1:86 tons, equal to 85:85 horse- 
power by the dynamometer, the 
indicator showing 173'2 H.P. 


October 12. With Steimman’s 
screw, the speed of the vessel 
being 9°537 knots, the pressure 
on the end of the screw shaft 
was 3°35 tons; the horse power 
calculated by dynamometer being 
219, and by indicator 452—the 

P ratio of the two powers being as 
1:2°7. 

October 17. With the common 
screw, the speed of the vessel 
being 9°893 knots, the pressure 
on the end of the screw-shaft was 
3°61 tons; the horse-power cal- 
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culated by dynamometer being 245, and by indicator 465 6 
—the ratio of the two powers being as 1: 1-9. 


Loss of Speed by Expansion Gear.—Experiments were 
likewise made with the expansion-gear ef the Rattler’s en- 
gines, to ascertain the loss of speed in the engines, caused 
by applying successively each of the expansion cams, The 
stroke of the engines is 4 feet, and the slide valve was set 
to cut off one-quarter of the stroke, or one foot. The ex- 
pansion cam has six steps, each cutting off four mches of 
the stroke ; so that when the last step is working, the steam 
is expanded for three feet, or three-quarters of the stroke. 


With the 
lat step ef the cam, the engine made 25:2 double strokes per minute. 
2nd *] 


iB) 5 at] 25 9? Pe | 
$ra 9? 99 23°95 ea Ad 
4th vs vo 23°4 rt) Ya 
Sth - ” 22°4 ’ ” 
6th ” p» 21°3 om 3 


Each of these experiments lasted five minutes, the mean 
being then taken. 


Power consumed tn driving her Machinery, per Indicator, — 
Another set of experiments were made with the indicator, 
to ascertain the amount of power consumed in driving the 
Rattler’s machinery. The results were as follow:— 


I. Without any gearing attached, the mean working 
pressure on the piston (taking the mean of both en- 
gines) was 1-1 lb. per square inch, the engines making 
26 revolutions per minute, and the vacuum in the con- 
denser being 28 inches. 


II. With the gearing and screw-shaft attached, but with 
the straps slack, the mean pressure was 1°67 lb., the 
engines making 25 revolutions, and vacuum in the con- 
denser 284 in. 
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WII. With gearing and sorew-shaft attached and straps 
tightened (but the screw not in gear), the main pres: 
sure was 2'24 Ibs., the engines making 26 revolutions, 
and the vacuum in the condenser 283 in. 


IV. With Wooderoft’s four-threaded screw in gear, the 
mean working pressure indicated was 14°57 lbs., the 
engines making 24°85 revolutions. 


V. With the three-threaded screw in gear, the mean 
working pressure indicated was 14°38 lbs., the engines 
making 26:2 revolutions. 


Dwarf’s Ezperiments.—In connexion with this subject 
there will be found at the end of the book a Table of Expe- 
riments with Her Majesty’s Steam Tender Dwarf (of 164 
tons and 98 horses’ power), undertaken at Woolwich in the 
year 1845, to determine the best relative proportions for the 
screw-propeller, with regard to pitch, length, and area. The 
whole of the screws used in these trials were true Archime- 
dean screws. From this Table it appears that the most fa- 
vourable results were obtained from a double-threaded screw 
of 5 feet 8 inches diameter, with a pitch of 8 feet, the length 
of segment being 18 inches, and the area 13°83 square feet; 
and it is remarkable that in the experiment following this, 
when the length of the screw has been reduced to 12 inches 
and its ares to 8-9 square feet, there is scarcely any appre- 
ciable variation in the resulting speed of the vessel or screw. 


The possible effect of Scgew Steamers on future Mail Con- 
tracts.—The large sums paid by this country at the present 
time for the conveyance of the foreign mails by steam vee- 
sels, cause this question to be one of great importance. 
The increasing number of superior screw vessels between 
Liverpool and New York, which will undoubtedly make 
their passages within a short time of the regular mail. 
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packets, necessarily attract public attention to the question 
of the amount to be paid for the receipt of the American 
or West Indian correspondence, perhaps not more than one 
day earlier, and also whether a different principle is to be 
adopted with these than with the mails carried on the rail- 
ways. The latter are not carried by the fastest possible 
express trains running at great cost; and if this principle 
be once admitted, there is no doubt but that great economy 
would result, and, perhaps, ultimately without any loss of 
speed whatever. It is believed that the mails might be car- 
ried by steamers on all the great lines at an almost nominal 
cost, and the necessity of a large and wealthy company be 
obviated, if the Government were to make contracts to suit 
parties who are the owners of, perhaps, only one or two 
such vessels as are required. If fortnightly voyages, for 
instance, are desired, there appears to be no difficulty, be- 
yond a little extra trouble to the Government authorities, 
in taking the contracts with two or three, or any number 
of separate parties, to sail consccutively—one party under- 
taking to send their vessel on the lst of every alternate 
month, or at such intervals as will suit the length of the 
trips to be made. Such an arrangement would ensure suffi- 
cient competition on taking the contracts to lessen the 
amount demanded, as parties owning competing vessels 
on the station would be ready to subject themselves to the 
necessary restrictions for almost no other consideration 
than the being able to advertise their “ Royal Mail Steam- 
ers,” on account of the additional favour that they would 
thus obtam with the public. A competition would also be 
created between the different contractors, tending to in- 
crease the speed of the vessels beyond that required by the 
Government, with the view of getting the greater number 
of passengers—a competition of this kind having been 
already felt to be very much wanted. This principle would 
also enable the Government to make contracts for new 
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lines where regular communication may be very much 
wanted by the country, but not of sufficient importance 
to induce the formation of a company with sufficient ca- 
pital to undertake the whole line, though one or two dif- 
ferent parties might each undertake to despatch a vessel at 
certain intervals. 


Tables of Screw Steamers and their Machinery.—Amongat 
the Tables at the end there will also be found a 


Table of the Dimensions of Screw Steamers and their 
Machinery, in the Royal Navy. 

Table of the Principal Dimensions of 28 Merchant Screw 
Steamers. 

Government Formula of Specification for Marine Steam 
Engines with Screw Propellers. 

Tender to the Admiralty for Marine Engines, with Screw 
Propellers, of 450 horses power. 


Admiralty List of Tools and Spare Gear required with 
those Engines. 
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CHAPTER XIII. 


THE PADDLE WHEEL AND PADDLE-WHEEL STEAMERS IN 
THE ROYAL NAVY AND MERCHANT SERVICE. 


Paddle-wheel Steamers in the Royal Navy.—Wxs shall 
now note a few particulars of our most successful PaDDLE- 
WHEEL sTEAMERS, both in the Royal Navy and Merchant 
Service, beginning with the Terrible. 


Dimensions and Particulars of Terrible.—This fine steam 
frigate, built from the designs of Mr. Oliver Lang, of Wool- 
wich, was commissioned in the year 1846. She is built of 
Honduras mahogany, East Indian teak, and English oak. 

Her priucipal dimensions are as follow :— 


Terribie Steam Frigate of 1847 Tons and 800 Horse-power. 


ft. in. 

Length between the perpendiculars . ; ° - 226 0 
Ditto keel for tonnage , ; ‘ ; - ‘ 196 10 
Breadth extreme : ; ‘ . ‘ , - 42 6 

» for tonnage ; : . ‘ ‘ ; 42 0 

» moulded ‘ ‘ ‘ ‘ ; ; - 41 2 
Depth inhold . j , ° . 22 «0 
Barthen in tons, builder’s old aeasieeniant- ‘ 1847 
Length from the figure-head to taffrail 2 253 9 
Depth from under side of keel to crown of figure-head . 37 7 
Length of the engine room a a ae er 18 7 
Width of ditto, in the clear . . ° ‘ ; . 38 0 
Depth of ditto . . , : . 27 4 
Launching draught of waits, (siwaid ‘ P . 8 10 
Ditto ditto aft. *  ., : , 1i 6 
Load ditto mean : * - (7 6 


Terrible's Machinery.--The engines, of 800 horses power 
collectively, are by Messrs. Maudslay and Field; double- 
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cylinder direct action, with tubular boilers divided into see- 
tions, placed two before and two abaft the engines. Din- 
meter of cylinders each 72 inches; stroke, 8 feet. Paddle 
wheels, 84 foet diameter x 13 feet. 


The contract weight of the engines was ~ 212 tons, 


ss - boilers ; » 150 ,, 
- o_ water in boilers . 158 ,, 
a a paddle wheels . 44 ,, 
” ” coal boxes. ~ 16 iy 


Total estimated weight of machinery 560 


The coal boxes were estimated: to contain 800 tons of 
coal, although Sir Charles Napier affirms that 500 tons only 
ave carried. 

The contract price-of the machinery was £41:240. 


Speed.—The Terrible's specd at the measured mile, with 
sea-stores and puns on board, was found to.be 11°78 miles, 
or 10 knots an hour, the engines making 13 strokes per 
minute. By Massey’s log the speed was found to be 10°9 
knots, the engines making 143 strokes per minute. 


Armament.—Her armament consists of 21 guns, viz. 
two 8-inch and two 56-pounder long guns of 98 ewt. each, 
on traversing platforms, on her upper deck, with two 12- 
pounder carronades, and one 6-pound brass gun, forward, 
and two 8-inch and two 56-pounder guns aft. The lower 
deck has the same armament, with the exception of the car- 
ronades and the brass gun. 

® 


Terrible’s Daily Expenses.—The expense of this costly 
steamer has been recently brought to light by the Report 
of the “Select Committee on Navy Estimates,” where it is 
stated that the Terrible, with a complement of 320 men, 
costs per day in pay and provisions, £44 5s. 2d.; and ‘in 
wear and tear of hull, masts, yarde, &c., £25—together, 
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£69 5s. 2d. per day. The wear and tear of machinery, and 
consumption of oil, tallow, &c., is estimated at £19 1le. 2d. 
per diem — making the total expenses, exclusive of fuel, 
£88 162. 4d. per diem. When the ship is under steam, an ad- 
ditional expense of £4 58. 6d. per hour is incurred, equal to 
£102 per diem for coals alone; or at 100 days steaming, to 
£10,200 per annum. The vessel and machinery thus cost 
£32,418 1s. 8d. per annum, exclusive of coals; or £42,618 
ls. 8d. when the steam power is used for 100 days of 24 
hours each. She proved herself, however, to be a very effi- 

~Gient steamer, good speed having been obtained from a very 
teduced power. 


Sidon.— Sidon steam frigate, of 1828 tons, and 560 horse 
power. This vessel is constructed by Mr. Fincham, the 
machinery by Seaward under Sir Charles Napier’s superin- 
tendence. 

The following are her principal dimensions, viz.— 

ft. in. 


Length between the perpendiculars . 210 9 
» Of keelfor tonnage . . 185 9% 


Breadth, extreme . ; ‘ . 37 0 
» for tonnage ; ‘ . 36 6 
»» moulded , ‘ . 3510 
Depth in hold ; : : - 27 0 


The Sidon carries about 700 tons of coal, with her main 
deck portsills 6 feet 6 inches above the water; the coal 
boxes being so fitted that when the coals are expended, 
water ballast may be taken in, to prevent too great a varia- 
tion in the dip of the wheels. Her‘armament is, we believe, 
twenty-four 68 pounders, on two decks. The speed of the 
Sidon with her coals, guns, and sea stores on board, equals 
10 knots. 


Odin.—Odin steam frigate of 1326 tons, and 560 horses 
power, has the same dimensions as Sidon, except being two 
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feet shorter and three feet Jess depth in hold, The vessel 
is constructed by Mr. Fincham, the engines by Fairbairn, 
The principal dimensions of the machinery are as follow: — 


ft. in. 
Diameter of cylinders . . ; - O 874% 
Length of stroke . . . . » & 9 
Stroke per minute , : ‘ - 19 O 
Diameter of paddle-wheels, extreme - 27 0 
Breadth of ditto . ‘ - 9 6 


Diameter of necks of paddle-wheel shaft. 0 16 
Coals stowed in boxes, 445 tons, or 124 days’ consumption at 6 lb. per 
horse power per hour. 


The engines are upon Messrs Fairbairn’s direct-action 
principle. 
tons. 
Weight of the engines and paddle shafts - 180 
iP boilers and their apparatus . 60 
9 water in boilers . . - 48 


” coal boxes . ‘ . . 16 
=n paddle wheels . "| . . 30 
3 spare gear, floor plates, &c. . 25 


Total weight of machinery . 359 
Cost of engines, boilers (with iron anes and coal boxes . £21,480 


» paddle wheels ‘ ‘ ° ‘ 950 
» duplicates and spare articles, as per admiralty list ; 1650 
‘ 


Total cost of machinery . . £24,080 


Length of the engine room, 52 feet; of coal hold, 8 feet 
—together, 60 feet. 

Breadth of the engine room in the clear, 34 feet 4 inches ; 
depth, 20 feet ; centre of shaft, 8 feet 6 inches above the 
load water-line. 


Odin’s Machinery.—The boilers are tubular, with iron 
tubes 34 inches internal diameter, divided into four sections, 
placed two at each end of the engine room. Fire surface 
in boilers, 80 square inches per horse power. Effective heat- 
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o 
ing surface (after deducting one third of tubo surface as 
non-effective), 18 aquare feet per horse. 


Diameter of steam pipes, foneach engine .. - HH in., bore. 
Ps injeation pipes ‘3 ‘ 3 - 6 
” feed pipes, and: bilge pipes a ° 34. ~~ 


Speed.—The speed of the Odin with coals, sea-stones, and 
armament on board, averaging 11¢ knots. Both Sden and 
Odin are excellent sea boats, and sail well under canvas. 
Sir Charles Napier admits that the Odin beats Sidon a mile 
an hour, when each has her full complement of coals on 
board ; and still passes her when each is loaded with coals 
in proportion to the horse power, which may be chiefly 
attributed to the increased height and weight of the Sidon’s 
hull. Odin carries main-deck guns. 


Performance of Steamers in the Royal Navy—with and 
without Steam.—In evidence before the Committee of the 
House of Commons,* on the subject of arming the Mercan- 
tile Steam Marine, Capt. Hennernrson, of the Sidon, declares 
his ship to be “the best steam vessel he ever saw; she 
could take 700 tons of coals, which would last 20 days at 
full speed. She is rigged as & barque, and spreads as much 
canvas as a 32-gun frigate—more than any other steamer 
he eve® saw. In cruising without steam, she kept company 
with the Canopus line-of-battle ship. Has never tried the 
Sidon with merchant steamers, but has had 123 knote with 
300 tons of coals. The Odin is about equal to the Sidon. 
Merchant steamers with their present masts and yards would 
be unable to keep up with a fleet without steaming. The 
masts of vessels in the navy prevent them steaming so well; 
but there is a great economy resulting from it, because they 
frequently sail for months without steaming at all. If a 


* This evidence in these and subsequent pages is given in a condensed 
form as published ia the Artizan Journal for 1849, 
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merchant steamer could perform 10 knots with sail alone, 
she would be able to accompany « fleet on ordinary ovce- 
tions. Whilst commanding the Gorgon, found that in 
steaming head to wind, with all the masts and yards up, it 
might make two to three knots difference if they were 
struck.” 

Cart. Henny Cuans “has tested the capabilities of the 
Blenheim, auxiliary screw, of 1747 tons and 450 horse- 
power. She is a most useful vessel for every kind of ser- 
vice, her maximum speed, under steam alone, good 6 knots. 
Towed the Bellerophon (2000 tons) at 43 knots. Opinion 
that merchant steamers could not keep company under sail 
with a fleet. From their rig they could not keep way with- 
out steaming, and consequently they would soon run short 
of coals. The Blenheim can sail with a fleet without steam. 
We attach too much importance to speed, and forget the 
guns. The French steamers carry 14 to 16 guns, but give 
up speed. Few of our steamers of war are equal to go 
alongside a French steamer. They have broadside arma- 
ment, whereas many of ours are only armed at bow and 
stern. Our steam sloops carry two heavy guns; a 95-cwt. 
68-pounder, and an 86-cwt. 10-inch gun, and four broadside 
guns, 32 pounders of 40 or 42 cwt. We have only three 
real steam frigates (carrying guns on the main deck), namely, 
the Odin, Sidon, and Terrible—and the screw vessels.” 


A high Speed in the Navy attainable only by an Kztrava- 
gant Proportion of Horse Power to Tonnage—The three 
vessels last named (which we have already particularized) 
are probably the fastest war steamers, properly so called, in 
the Royal Navy ; butit is apparent that their comparatively 
high speed has been obtained only by the use of an extra- 
vagant proportion of power to tonnage, such as is very 
rarely found in ocean steamers in the merchant service. 
The average speed of government steamers, when using 
their full power, not exceeding 8 to 84 knots. 
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Comparisons between the Performance of Government and 
Merchant Steamers are generally imperfect.—This compara- 
tively low result has given rise to many unjust comparisons 
between the performances of government and merchant 
steamers ; for when we consider the peculiar qualifications 
demanded by a vessel of war, it will be seen that the compa- 
rison cannot be made on equal terms. War steamers are 
built not only to steam but to sail well ; and moreover they 
must be able to carry a great weight of armament on the 
upper deck without prejudice to their stability, and since the 
only effectual way of doing this is by giving them a greater 
relative breadth than merchant steamers are limited to, the 
consequence is that the hull opposes an increased resistance 
to the water, and the speed is diminished. Then the weight 
of hull and equipment of a war steamer is usually much 
greater than in the merchant service, causing a corre- 
sponding increase of displacement: the masts, yards, and rig- 
ing, being of greater dimensions, oppose a greater resisting 
surface to the air: and owing to the weight of the large 
guns at the extremities of the vessel demanding support 
from the upward pressure of the water, the lines at the bow 
and stern cannot be made so fine as might otherwise be de- 
sirable. Hence it follows, that the speed of the contract 
mail steamers, for instance, averages from one to one and a 
half knots above that of vessels in the navy, with a similar 
proportion of power to tonnage; but if the proportion of 
horse power to displacement be taken, the comparison will 
generally become more favourable to the war steamer. 


Economy of Steam Power the best Criterion of Efficiency 
in the Navy.—In estimating the performance of a govern- 
ment steam vessel, therefore, we should look rather to the di- 
rect distance run by the combined action of steam and 
sails, at a moderate but uninterrupted speed, and with alow 
rate of consumption of steam and fuel, than to the attain- 
ment of a high velocity, which is seldom wanted in war 
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gteamers. The best exposition we can offer of the practical 
working of this combined system of steaming and sailing in 
the navy, has been supplied by Capt. Hoseason, in his 
account of the performance of the steam sloop Inflezible. 


Performance of the Inflexible in a Steam Voyage round the 
World.—This vessel, designed by Sir W. Symonds, is of 1122 
tons burthen, and 378 horses power. The engines are di- 
rect-action, by Fawcett, and the boilers are loaded to 8 lbs. 
on the square inch. The whole distance run (without 
counting going in and out of harbour) during the time she 
was in commission, from the 9th of August 1846, to the 28th 
of September 1849, was as follows :— 


Steamed. ‘ : ; F ; 64,477 nautical miles. 
Sailed e . e ® ° o 4 392 9? 





68,869 
Namber of days under steam . . . 3454 
» 9» Under sailalone . : 274 
372% 


Average daily steaming . , . 186°62 knots. 
Average daily sailing : ‘ - « 16118 ,, 
For the whole period . : ‘ - 57°44 ,, 


Time under one boiler ; ; — 764 hours. 
a two boilers . ; - 4047 Pr 
” three ,, , ; » « 3324} ,, 
» four , . ‘ j ; 844 ” 


SED 


Total . -@ - « 8,292 ” 

Her fires have been lighted 483 days. Total consumption of coals 
while under steam, 8121 tons 12% cwt.; coals expended in raising steana 
and banking the fires, 576 tons 16% cwt.; average. distance steamed per 
ton of coals, 7938 knots. Consumption‘of coals per hour, 19,588 ewt. ; 
ditto per day, 23 tons, 10 cwt., 124 lbs.; average consumption of coals 
per nominal horse power per hour, 5°85 lbs, 


It is stated that the above-mentioned distances were ob- 
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tained by the patent log, towed about 50 fathoms astern, 
out of the influence of the backwater from the wheels; the 
error arising from this cause, while throwing the common or 
hand-log, having been found on board the Inflexible to vary 
from one to four knots. It is recommended, therefore, that 
the patent log only should be used by a steam vessel, its re- 
sults being verified by the bearings of the land, when the 
distances are known. 

The expenditure of coal was taken by measuring every 
tenth bag in the ship, and every tenth bag as used by the 
fires, a mean being taken every four hours for the hourly 
expenditure. 


Performance of the Inflexible-——The distance accomplished 
by the Inflexidle is stated to have been reckoned only from 
the time the patent log was thrown overbuard, and when 
the final departure from the land was taken. 

It is further stated that she was employed for 15 months 
on the coast of New Zealand, during which time about 4000 
tons of the Newcastle Australian coal were consumed, the 
best quality of which, delivered at the mines, is about ten 
per cent. inferior to good English coal, but rendered fully 25 
per cent. inferior by being exposed on the open beach at 
New Zealand. A deduction should, therefore, be made for 
this circumstance in considering the expenditure of fuel. 

On the outward voyage of the Inflexidle to the Oape of 
Good Hope, in the months gf August and September 1846, 
a run of 5502 nautical miles was accomplished on a single 
eoaling, at a mean average speed of 7°31 knots per hour, 
and an average daily expenditure of 12 tons, 19 cwt. 3 qrs. 
14 1b. This run was accomplished in 32 days. 

On the voyagé ftom the Cape of Good Hope to Port 
Jackson, Sydney, 5356 nautical miles were accomplished at 
one coaling, with an expenditure of 458 tons 10 ewt., being 
at the rate of 15 tons, 3 cwt. 2 qra. per diem, and with a 
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mean average speed of 7°87 knots per hour. Time taken, 
30} days. 

In calculating the consumption of coal as above, an allow- 
ance of 5 per cent for “wastage” has been added to the 
actual weight burnt in the fires—such allowance being made 
in order that the captain may judge of the quantity of 
coals remaining in the boxes at arty time. This per-eentage 
was determined by experiment during the Injlexible’s first 
two voyages, when the difference of weight was accurately 
noted between the coals burnt, and those received on board 
in England. It is thence argued that 5 per cent should be 
subtracted from the gross quantity, if the true duty in 
miles per ton of coals is sought. We confess we are at a 
loss to account for so large a wastage. 

It is further stated that on one occasion, when the full 
power of the engines was exerted, the Inflewible towed 
the barque Claudine, and succeeded in transporting 1500 
soldiers, tent equipage, and baggage, 1400 nautical miles in 
12 days, four of which were occupied in the landing of one 
regiment and the embarkation of* anotHer. 

After service on the coasts of India and China, the In- 
fiewtble returned to England by Cape Horn, thus making the 
circuit of the globe, and fulfilling her comprehensive mission 
in & manner most creditable to her able commander, Captain 
Hoseason. 


Economy of « Moderate Proportion of Horse-power in eom- 
bination with the Sails.—These results show, in a most fayour- 
able light, the economy ef a moderate proportion of horse- 
power in combination. with the judicious use of the sails; and 
it is a question of much interest to the navy whether a better 
average resulé might not be expected and obtained from 
such a system, than from the present expensive fashion of 
loading the vessel with very large engines whose full power 
is but seldom wanted, and which monopolize so much weight 
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and space that sufficient coals cannot be carried for the 
proper development of the steam power. It is true, that by 
the use of a high proportion of power to tonnage the vessel 
has the advantage of having always a high speed at her 
command, so long as the coals last ; while, by expanding the 
steam in her large cylinders, she may burn the fuel, on 
ordinary occasions, most. economically, still we must re- 
member the increased first cost of the machinery, and the 
increase of displacement consequent upon the great extra 
weight to be constantly carried (whether it be used or not), 
by which the speed of the vessel is permanently diminished. 


A high Proportion of Horse Power requisite in the Merchant 
Service.-—Although we thus advocate the employment of a 
moderate proportion of power to tonnage for the Royal 
Navy, say, one-horse power to three tons, this question has 
a different aspect when considered with reference to the 
merchant service. For though, as is well understood, any 
increase of speed requircs an increased power in the dupli- 
cate ratio of the increased speed; and, therefore, a great 
economy would seem to result from the low proportion of 
power to tonnage; still, if ¢ime be calculated as an element 
(and, in reality, a very important one) in the economy of 
mercantile conveyance, it will be generally found that a high 
speed at any expense of fuel will compensate for the addi- 
tional expense. As regularity of arrival, also, 1s of the ut 
most importance in passenger traffic, this can be ensured 
only by the employment of a high ratio of power; for it is 
apparent that, should the contrary forces of adverse winds 
and waves, of tides and currents, equal or exceed the power 
of the engines, the vessel may burn an indefinite quantity 
of fuel without making any progress. We believe that the 
proportion of one-horse power to 23 tons (builders’ old mea- 
surement) will be generally found the most advantageous 
for merchant steamers, of from 500 to 1000 tons, 
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Considerations to be attended to in proportioning the Horse 
Power to the Tonnage.—In proportioning the horse power of 
a vessel, the fact is seldom borne in mind that the effective 
power of the engines increases in a higher ratio than simply 
as the tonnage, the resistance of the water to the hull of the 
vessel varying as the square of the cube root of the tonnage. 
Thus, if a vessel of 1000 tons and 500 horses power have a 
speed of 12 knots, a vessel of 1600 tons and 800 horse 
power ought, ceterie paribus, to have a considerably greater 
speed, since the square of the cube root of 1600 (4/ 16004, 
or 11:72) is 684 horses power only. This law is somewhat 
neutralized in practice, by the fact of the displacement 
usually increasing in a higher ratio than the nominal ton- 
ange. If it be desired to design a vessel of a proposed size 
and speed, the safest mode of proceeding is to take the 
vessel nearest in tonnage and general description to that 
which it is intended to construct as a groundwork. If 
greater speed is required, the natural law as given in page 
104, will be the guide as to the amonnt of additional power 
that will be necessary ; thus if a vessel of 1000 tons and 400 
horses power now running, is found to have an average 
speed of 10 knots, and it be desired to huve a vessel of the 
same tonnage, with a speed of 11 knots, the proportion 
becomes 


10® : 11° :; 400 : horse power required. 


By means of this proportion 582 horses power is found 
to be necessary, supposing the new vessel to be of no better 
form, and the engines to,work to the same amount of excess 
of indicator over nominal horse power. Much may un- 
doubtedly be done by an improvement in form, but too 
much ought not to be expected from it, and though some 
faults may be very apparent in the original and be capable 
of remedy, yet it ought not to be assumed that the new 
vessel will be entirely free from all retarding causes. 
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Dimensions and Particulars of Banshee.—As a favourable 
example of what may be accomplished by Government 
builders when they are not trammelled by considerations of 
armament or displacement, we give the following particulars 
of the Holyhead Mail Packet, Banshee :-— 

Banshee, designed by Mr. O. Lang, jun., engines by Penn, 
is a wooden vessel. Her principal dimensions are as fol- 
lows :— 


Length between the perpendiculars -  . . 189 ft. 0 in. 
from figure head to taffrail . § . - 209 ft. 0 in. 
Breadth extreme . . « «.« «| =» «© 27 ft, 2 in, 
‘¢ aver paddle boxes ‘ F ‘ . 49 ft. 6 in, 
Depth in hold re er ee ee ee es a ee 
Draught of water, forward ; ; ; ‘ 8 ft. 10 in. 
“4 aft. j ‘ ‘ 9 ft. 2 in. 
Burthen in tons, builders’ old See aaa No. 670 
Horse power . ~ «© «© « No, 350 
Diameter of paddle wheels a. % . «  « 25 ft, O in. 
Breadth of ” e # oe - 9 ft. O in. 
Area of x ‘ : é ; ‘ .  $3°9 square feet 
Dip of *” * «© 6 . 5 ft. 6 in. 
Ares of midship section ~ «©  «  « « 190 square feet, 
Diameter of cylinders a ee ‘ 72 in. 
Length of stroke re rs De | 
Strokes per minute . . © No. 30 
Speed at the measared mile, with the tide ~ + 21°5 stat. miles, 
- against the tide - 15°75 stat. miles. 
Mean speed - 8 «6 «© «©  «»  « 1862 stat. miles. 


The Banshee has proved the fastest of the Holyhead 
packets, performing the trip from Holyhead to Kingston 
in a little under four hours on thé average. Her shortest 
passage is about 3} hours, her longest 43. The distance 
from Holyhead to Kingston is 55 nautical miles. She haa, 
however been taken off this station and been sent to Malta, 
but it has been found necessary to remove one half of her 
boiler power to enable her to carry sufficient coals for the 
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longer voyages there. Her speed has thus been reduced to 
12 knots, or 18°82 statute miles. 


Paddle-wheel Steamers tn the Merchant Service: Asia. 
As an example of a first-class merchant steamer, we subjoin 
the dimensions of the British and North American Royal 
Steam-Navigation Company’s new vessel, the Asia. 


#T. IN. 
Length of keel and fore rake - « 207 0 
Breadth of beam : . - 40 6 
Ditto over the paddle ites : . 63 6 
Depth of hold, amid ships . . . 27 6 
Length of the engine space . - . 92 6 

Tonnage, builders’ old mess. : 2130 $f 
Horses power . - « No. 800 

Speed, per hour (between Glasgow aa Lvetacol) 15 miles, 


or 124 knots. 
Load draught of water, forward 19 feet, aft 19 20 feet, 


Asia hes a pair of side-lever engines, diameter of cylin- 
ders 96 in.: length of stroke, 9 ft.; diameter of paddle 
wheels, extreme, 87 ft. 6 in.; floats 9 ft. 2 in. long, x 8 ft. 
2 in. broad, divided into two breadths ; number of floats in 
the water at one time, eight. The boilers are four in 
number, measuring together 20 feet in length, and 16 feet 
in breadth ; they have 20 furnaces, five in each section, each 
furnace 8 ft. long, 2 ft. 9 in. broad, and 5 ft. 9 in. deep. 
The coal bunkers hold about 900 tons. The engine-room 
staff comprehends 38 men, viz., eight engineers, 18 firemen, - 
and 12 coal trimmers. 

The veasel is of timber, round sterned, carvel built, three 
masts schooner rigged, three decks all flush, and carries 
six beats. Builders, Messrs. Robert Steele and Co. of 
Greenock ; engine maker, Mr. Robert Napier, of Glaagow ; 
completed in the year 1850. 
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Dimensions and Particulars of the Orinoco.—Royal West 
Indian Mail Steam Packet; designed by Pitcher; engines 
by Maudelay. 


Length between perpendiculars . - 270ft. Oin. 
Breadth over paddle boxes : ‘ «- oh ge 20 43 
Breadth of vessel, extreme . ‘ ; 41,, 10,, 
Depth of hold . ° ° - 26, 0,, 
Tonnage, builder's old sceusuenaat : 224583 
Horse power, double-cylinder engines - 800 


This vessel on her first experimental trip at her medium 
draught of water attained a speed of 12 knots, as ascertained 
by careful trial at the measured knot in Stokes Bay off 
Portsmouth, with the engines making 13% revolutions per 
minute. She is fitted with feathering wheels, with all the 
latest improvements and a greatly increased length of bear- 
ing for the centres, on which the paddle boards vibrate. 
Some of the older vessels belonging to the same company 
have also lately had their paddle wheels altered and made to 
feather, with decidedly good results, arising chiefly from the 
circumstances that these wheels are not so much affected as 
common wheels by heavy seas, and by the variation in dip, 
to which these vessels, from their long voyage, are neces- 
sarily subject. The vessels on the North American station 
have hitherto been prevented from adopting these wheels by 
the fear of injury from ice, but it is a matter of doubt whether 
the advantage on those voyages on which no ice is encoun- 
tered would not be so great as to compensate for the risk, 
especially as any partial injury, though it might prevent the 
feathering of the boards for the remainder of the voyage, 
would by no means render the wheel totally inoperative as a 
common paddle wheel with fixed boards. The engines of 
the Orinoco are fitted with double-beat equilibrium valves, 
opened by cams instead of the common slide valves or piston 
valves hitherto usually adopted, and in this case, as well as 
in the steam frigate Penelope, they seem to have been tho- 
roughly successful. In the Orinoco the cams, which are 
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placed on a vertical shaft driven by wheels from the inter- 
mediate shaft, drive levers which act upon a bell-crank 
shaft and lift the spindles of the valves. In the Penelope 
the cams are placed on a horizontal shaft driven by an in- 
clined shaft from the intermediate shaft, and running 
through an eye in an upright rod, attached by a projecting 
arm to the spindle of each valve. The steam cams are made 
movable on the shaft, so as to give any required degree of 
expansion, while the eduction cams are stationary. The 
horizontal shaft on which the cams are placed, is driven, in 
the same manner as in many machines with a reversing 
motion, by a clutch between two bevil wheels, running loose 
on it, so that it may revolve always in one direction, accord- 
ing to the motion of the wheel into which the clutch may 
be geared, while the intermediate shaft revolves cither way 
for going ahead or going astern. 


Summary of the Peninsular and Oriental Company’s Fleet 
of Steamers.—The Peninsular and Oriental Steam Navi- 
gation Company have 29 steamers, amounting in round 
numbers to 30,000 tons and 11,000 horses power. They 
navigate annually about 600,000 miles, with 29 vessels. 
Of their 29 vessels 10 are of wood and 19 of iron. The 
average speed of their Mediterranean packets is 10 to 11 
knots: that of Cunard’s line of Transatlantic packets, 
nearly 12 knots. At the present moment the new iron 
steamer, the Himalaya, of the following extraordinary di- 
mensions, is estimated to run between Southampton and 
Alexandria, a distance gf 3100 geographical miles, in 9 
days :-— 


Length between the a aaa ‘ . ‘ . 325 ft. 
Breadth of Beam ‘ ; & Ss oe 43 ,, 
Depth in Hold ge de oe Gh. vs fe. (4g $2 6 
Burthen in Tons - 2» «© «6  « «6 » No. 3000 
Horses Power : . t6 “e- @ & 1200 


Estimated speed, 14 knots. 
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Some Particulars of the Peninsular and Oriental Com- 
pany’s Fleet of Steamers—Mr. Pitenzn, of Northflest, 
states before the Committee of the House of Commons, 
that he “has lately built two vessels for this company, of 
1200 tons each. The scantling in the midship part of those 
ships is rather larger than that of ships of the same size in 
the Government service, but fore and aft it is rather lighter. 
These vessels are constructed capable of carrying an 8- 
inch pivot gun forward, and a 10-inch pivot gun aft, and 
ten broadside guns—altogether 12 guns.” The weight of 
a 10-inch pivot gun, an 84 pounder, with carriage and fit- 
tings, is stated to be about 10 tons; and an 8-inch gun, a 
68 pounder, from 6 to7 tons. These vessels by Mr. 
Pitcher are “framed of English oak ; outside planks of teak, 
many of them 70 feet long, wales 7 inches thick; and the 
general run of the interior parts, best Honduras mahogany.” 
He further remarks, ‘“ We build the floors of vessels accord- 
ing to the station they are to go on. We cannot get so 
much speed out of a flat floor without reducing the breadth 
@ little. We rather like to have a rising floor, they roll 
easier. Steamers are always weatherly by reason of their 
length, but a flat-floored vessel would not be so weatherly 
as a vessel witha rising floor. With vessels of this size we 
expect to get a displacement of 15} tons per inch, at a 
draught of 15 feet. Opinion that the vessels he has built 
for the Peninsular and Oriental Company are equal if not 
superior to any in the navy. They would steam 11 knots, 
and would sail better than most vessels in the navy because 
they are longer in proportion to their breadth; their water 
tanks give them sufficient stability to carry sail. Has found 
the boilers in the West India Mail Packets last about six 
years. We have found that by having two boilers at each 
end of the engine room, and coal boxes right across the ship 
instead of at the sides of the boilers, the heat is kept from 
the cabins, the ship is kept in better trim, and fewer 
coal trimmers are required, as the coals run nearer the 
furnaces.” 
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Mr, Joun Roxaxp “is a ship builder, and has been captain 
of a steamer. Builds vessels now which beat the Govern- 
ment vessels in speed. A merchant steamer carries more 
weight than a ship of her class in the navy. The mainmast 
of the Peninsular and Oriental Company’s steamer Bombay 
ia 81 feet, andthe main yard 72 feet long. No vessel of that 
class in the navy has larger spars. Nor is there much dif- 
ference in their rigging and area of sails. It is a fancy of 
the Government to make their vessels sharp-flovred and of a 
greater draught of water, but draught is not necessary to give 
stability. Colliers sail as well in ballast as when loaded, 
even in going to windward, but that is a part of ship build- 
ing they have not found out nor adopted yet in the navy.” 


Captain Samuri Lewis, “has been at sca thirty-four 
years, and with the Peninsular and Oriental Company since 
its commencement. Took the Malta out to Ceylon. Sho 
ig 1225 tons, and was under sail almost the whole of the 
passage. Her greatest speed under sail alone, was 9°6 
knots. When the floats were taken off she did 10 knots. 
She was uncommonly stiff and weathorly, and if she had hal 
larger spars she would have done two knots more; th2 
floats could be taken off in one hour forty minutes, and 
replaced in the same time. She was three months and 
eight days from Southampton to Ceylon. The Bentinck 
averaged 10 knots from Calcutta to Suez. Opinion that 
there would be no difficulty in adapting these superior 
vessels to war purposes; that they would be very efficient 
in carrying troops and, coals, and that the engineers 
and crews would enter the service when required.” 


J. R. Enarepvur, Esq. “is superintendent of the Penin- 
sular and Oriental Company at Southampton. There 
would be no difficulty im giving merchant steamers the 
same masts, yards, and sails as similarly-sized vessels in the 
navy; they would be stiff enough with a little ballast or 

I2 


172 vaptim wWHERL ANY PADDIE-WHRSL STRAMERS 


cargo at the bottom, Their speed under canvas would not 
be lees than vessels in the navy. I have run 18 knots an 
hour, for six or seven hours, down Channel with a steamer 
under canvas alone.” 


Government Mail Contracts with Merchant Steamers.— With 
reference to the Government mail contracts, we have the 
following evidence by Mr. Anprnson, Managing Director 
of the Peninsular and Oriental Company. He says, “The 
postal communication can be done much cheaper by private- 
contract steamers than by Government boats, because of the 
merchandise and passengers carried. The steam communi- 
cation between Southampton and Alexandria, with vessels 
of 300 to 400 horses power, was done for 4s. 6d. per mile. 
From Suez to Ceylon, Calcutta, and Hong Kong, with 
vessels of 400 to 500 horses power, for 17s. 1d. per mile. 
The East India Company’s line between Suez and Bombay, 
with vessels of only 250 to 300 horses power, cost 30s. per 
mile. Her Majesty’s vessels in the Mediterannean cost 
about 21s. per mile. £189,000 a year is the gross sum paid 
for the three great contracts: Peninsular and East Indian, 
‘West Indian, and North American. Receipts from post- 
age £380,000. The advantages of the communication 
should not be estimated merely by the postage. After 
steam communication to Constantinople and the Levant 
was opened, our exports to those quarters increased by 
£1,200,000 a year. The actual value of goods exported 
from Southampton alone, last year (1848-49) by those 
steamers is nearly £1,000,000 sterling. Greek merchants 
state that the certainty and rapidity of communication 
enable them to turn their capital over so much quicker. 
Forty new Greek establishments have been formed in this 
country since steam communication was established. The 
imports in that trade, fine raw materials, silk, goats’ hair, 
&c., came here to be manufactured. Supposing the trade 
to increase one million, and wages amount to £600,000, cal- 
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culating taxes at 20 per cent., an increase of revenue of 
£120,000 would result from steam communication.” 


Minerva.—-We shall close our examples of steamers by 
giving some details of the Cork Steam Navigation Com- 
pany’s iron vessel Minerva, running between Cork and 
Glasgow. She was built by Messrs. Thomas Vernon and 
Co., in 1846-47, and fitted with side-lever engines by Messrs. 
Bury, Curtis, and Kennedy, of Liverpool. 


FT. IN. 
Length on deck , d : - 197 0 
Length between the aeipendicaiecs . 190 0 
Breadth of beam, extreme , ‘ . 26 0 
Depth of engine room : : - 16 6 
Length of engine room. ‘ - 57 0 
Burthen in tons, builders’ old meas. No. 655 $4 
Horses power ; : ; ‘ No. 384 


Diameter of cylinders, each 70 inchesx 6 ft. 2 in. stroke; extreme 
diameter of paddle wheels 26 ft. 9 in. ; floats 9 ft. 10 in. longx 2 ft. 1 in. 
deep, No. 22 ; revolutions 19 to 21 per minute ; two tubular boilers, toge- 
ther 19 ft. long, fixed from each end; total number of furnaces, 12; each 
boiler has 526 tubes, 3 in. diam. x 7 ft. lin. long; has an elliptical stern; 
is clinker-built to the water line, and carvel-built above; and is schooner 
rigged, with two masts, without top masts. 

Maximum speed, 15 to 16 knots, or 174 to 18 statute miles. 


Estimate of the Number of Merchant Steamers.—The 
number of merchant steamers belonging to the United 
Kingdom at present is about 1200, the registered tonnage 
of which, exclusive of the gngine-room tonnage, is 165,000, 
equal to a gross tonnage of about 295,000 tons; propelled 
by engines of 100,000 horses power. 


Estimate of the Number of Steamers tn the Royal Navy.— 
The number of steam vessels of all kinds in the Royal Navy 
is at present about 190, representing a gross tonnage of 
pales 150,000 ; and propelled by engines of 51,000 horses 
power. The number of armed steamers in the Royal Navy 
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iwabout 125, carrying 800 guns (exclusive of the armaments 


of the guard and block ships fitted with auxiliary engmes), 
and propelled by engines of about 41,000 horses power. 


The French Steam Navy.—The French steam navy is 
believed to consist at present of 114 vessels propelled by 
engines of 26,000 horses power, irrespective of those not 
yet completed. The number of steam trading vessels ni 
France during the year 1850 was returned at 279 ; having a 
tonnage of 40,098 tons, and a power of 22,893 horses. 

Amonst the Tables at the end of the book will be found 
one of paddle-wheel steamers in the Royal Navy. Also, a 
Table giving the principal dimensions of 195 paddle-wheel 
steamers of all classes. 


Registering Paper used in Trials of Government Steamers. 
—The following is the form of registering paper used by 
the Admiralty engineer officers in determining the maximum 
speed of a steam vessel at her trial: 


Aver- 
age | Total | age 


Time Total 
ber of number |number |number!/Observ- | Reduc- 


Remarks. fed b of |o, 
Exp et eee lutions |lution of lutions jof Ship.jof Ship.lof Ship. 
Screw. | Per 
u 


-| Engine {per mi- 
te. 





The “ Observed Rate” is deduced from the time taken 
to run the measured knot or mile in each separate eaxperi- 
ment ; the “ Reduced Rate” is the mean of the two-adjacent 
experiments, the one with and the other against the tide, 
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the mean of the first and second experiment giving the first 
reduced rate, and the mean of the second and third, the 
second reduced rate; and so on, each experiment after the 
first being thus used twice in the calculations. The true 
rate is the mean of the first and second reduced rates, and 
of the second and third, and go on, thus using each reduced 
rate twice also as before, and the mean of the true rater is 
then taken as the speed of the vessel. 


Speed of the Vessel.—Two posts are erected on the shore 
to mark the distance either of a knot or mile, and at about 
200 yards or farther inland from these, two other posts are 
erected at mght angles to the first. It is evident that a 
vessel running at any distance out at sea from these poste, 
if kept by the compass or by any leading marks parallel to 
the line of measurement, will run the exact distance as mea- 
sured when she brings the inland posts into one with those 
on the shore as she passes them. It may be observed, that 
a mean of the times would not give a true result, as no com- 
pensation would in that case be given for the greater length 
of time that the tide would act against the vessel than it 
would in her favour. By the system adopted the influence 
of the tide is thrown out as far as possible; and, if the tide 
should flow at the same rate, or should increase or diminish 
by regular gradations during the series of trials, the result 
would be mathematically correct. In making the experi- 
ments it is essential to avoid any change of the direction of 
the tide during the series, and also, if possible, to select * 
calm day. If the wind js in the direction of the course, 
the effect will be less detrimental to the mean speed of the 
vessel than if it be of her beam. In the latter case the 
vessel is driven to leeward while running both up and down 
the course, and thus subjected to a constant retarding force, 
while in the other case the wind is in favour of the vessel 
in one direction, though in the other it retards her in a 
somewhat greater degree. - 
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To facilitate these calculations, the Table (No. XIV.} 
which will be found on p. 223 of the Appendix is used by 
the officers of the Admiralty. 


With reference to the question of arming merchant 
steamers, the following also was given in evidence before 
the Committee of the House of Commons: 


Mr. ANDERSON says, that, “according to the present con- 
tracts for carrying the mails, the vessels are to be so con- 
structed in respect of scantling and arrangements as to 
carry and fire four guns of the largest calibre then used in 
her Majesty’s service. Also the Government have the 
power to take the vessels at two months’ notice, the indem- 
nification for the hire, purchase, or destruction of them, to 
be determined by arbitration. Thinks the same arrangement 
might be extended to all vessels eapable of carrying heavy 
guns. Has ascertained from competent parties that all the 
merchant steamers of 400 tons and upwards are capable of 
carrying pivot guns, with some strengthening. Opinion, 
that in the greater number of cases exemption from the 
coast-light dues, and from the unjust law of being com- 
pelled to take a pilot whether he is wanted or not, would 
be sufficient compensation to owners for the additional 
expense incurred for strengthenings, &c. There are about 
170 vessels from 400 to 1000 tons which would carry guns. 
Opinion, that the exemptions proposed would not induce 
steam-boat owners to put the machinery under the water 
line, the expense being too heavy., More than three times 
as much money is collected for the light dues than is ne- 
cessary to support them. It is expected that a bill will 
be brought in to reduce the light dues to a fixed rate per 
annum.” * 


* The entire amount of dues at present collected is about £430,000. 
The maintenance of the light houses costs about £140,000 per annam. 
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Joux Raryn Exerenve, Esq.— Has had experience 
in the Navy as guimery officer. Considers nearly all our 
sea-going vessels might be made to carry guns. No extra 
risk from engines and boilers being above the water line. (?) 
Has had much experience with heavy guns, and thinks a 
68 pounder worked as easily as a heavy 32 pounder, and 
with little more concussion. Opinion, that vessels of 600 
tons are quite capable of carrying two pivot guns. Opinion, 
that the engineers would require better pay than those 
in the Navy. On board the Oriental boats a first-class 
engineer receives £16 to £26 per month. It is true 
that in the Qucen’s service the chief first-class engineers 
get £17 a month and pensions, but we find our first 
engineer as good a table as you or I would sit down to—in 
fact, they live like princes. In the Navy ihey have to find 
their own table, except the common rations of the ship. As 
regards pensions, 1 have heard some of the engineers say, 
‘What is the use of a pension? Very few of us will ever 
live to enjoy pensions ; if we go on a foreign station, perhaps 
there is not one of us that will return to receive it.’ Jn 
India we have scarcely kept a complete crew of engineers 
for more than a year together ; we have entire changes year 
after year, principally from death, and from liver complaints 
arising from the intense heat of the engine room. Opi- 
nion, that the average speed of the mail steamers is about 
one or one and a half knots more than those in the Navy. 
Increased speed is a great element of superiority. The 
conversion of the mail steamers into war steamers would not, 
necessarily diminish their speed. The armament would be 
of far less weight than the cargo is now. War stcamers 
are built to sail well, which accounts for thoir inferior 
speed. There may be a fow fast vessels in the Navy, but 
they have extravagant power and carry but few coals, 
Our Mediterranean vessels average 10 to 11 knots. Cu- 
nard’s vessels make 280 to 300 miles a-day. One of these 
Vesgels carries more weight than a man-of-war of same 

13 
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tonnage, The weight is all below; butif part were put 
om deck in the shape of guns, it would be counteracted 
by putting weight below. In a vessel of this size it 
would have no material effect, and she would go just &s 
fast. Private builders are not fottered, and competition 
produces a good article; but in the Government yards there 
has been one surveyor and one system for a length of time. 
Second-class steamers of 500 to 800 tons would carry s 
68 pounder in addition to the 82 pounder on the quarter- 
deek. Opinion, that the steam cheat of the Hindostan would 
be well protected with 10 feet of coal on each side. Those 
vessels in the Navy which have their boilers below the water 
Kne would not be protected when the ship rolled. I have 
no doubt that the spar deck of the Hindostan could be 
strengthened to carry a 90-cwt. 10-inch gun. Wouid 
particularly draw the attention of the Committee to the 
Bombay steamer, which has been fitted to carry two 10-inch 
guns and 10 medium 32 pounders, and is in every way 
equal in fittings and efficiency to any vessel in H. M. 
service.” 


Mr, Annrew Lams.—‘ Is superintendent engineer to 
P. & O. Company. Opinion, that the engineers of the 
private companies would volunteer at a moment’s notice, 
if the vessels were required for I. M. service. There 
would be no difficulty whatever if a provision were gua- 
ranteed, the same as the engineers in the Navy have. 

“It would be quite practicable to place the boilers and 
steam chests in merchant steamers below the water line, 
and it would not interfere materiully with the stowage. In 
our first-class vessels like the Hindostan, there is 10 feet of 
coai between the steam chest and the ship’s side. In this 
vessel [ should imagine the engineers to be safer than in any 
of H. M. steamers I have seen, because a body of eoal is 
earried between the boilers and engines, against which the 
foree of steam would spend itself in the event of an explo- 
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sion; the stokers would sniffer most, The engineers and. 
stokers would not be so safe from shot as if the engine 
reom were below the water line. The coal that protects 
the boilers is left till the last, and by the time that is 
wanted it is time to look out for a coaling port. The Pe- 
ninsular and Oriental Company do not do their own repairs 
either to ships or machinery. It is more economical to 
employ private individuals. The machinery made at Wool- 
wich cannot be better than ours, and should not be worse. 
Has never found any obstacle in getting the repairs done 
efficiently and with readiness. The annual expenses on a 
vessel and machinery amount to seven per cent. on the 
total original cust.”’ 


Capratn Epwarp Caappeiy, R. N.—“ Is Secretary and 
Joint Manager of West India Packets. Opinion, that all 
their vessels would carry even a 95-cwt. gun forward, but 
not in all cases abaft, as the sterns rake too much. Would 
put 32 pounders in the entrance ports for broadside guns. 
The average speed, including the intercolonial work, is 8 
knots. On their trial trips, without cargo, they had a speed 
of 12 knots. Opinion, that they would surpass in speed 
all the men-of-war, with the exception of the five or six last 
new boats; men-of-war have heavier scantling, which gives 
them greater weight. The Urgent mail steamer was bought 
by the Admiralty, but proved a complete pick-pocket from 
the lightness of her scantling. 

“Opinion, that the engineers would remain on board if 
compensated. Thinks they are not a class of men who like 
martial law. We pay our engineers £16 to £20 per month. 
We commenced with all good men at £20 per month, and 
haye had few accidents in consequence. We use the beam 
engine in all our boats, except the Conway; she has direct- 
acting engines, and we very much regret it. We use all 
flue boilers on a peculiar plan of our own engineers.” 


Coantzs Wye Wiriiams, Esq.—“Is manager of the 
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City of Dublin Steam-Packet Company, which owns 24 
ships of 10,837 gross tonnage. Our vessels often carry 
very heavy deck loads. One of the smallest has often car- 
ried on deck, in bad weather, two locomotives, weighing 17 
tens each. We have carried troops, a thousand men, with 
heavy baggage, besides women and children. In our mail 
boats, where the work is severe, we give our first engineer 
£2 15s.; to the second, £1 17s. 6d; to the third, £1 8s. 
In the other vessels, to the first engineer, £2 10s.; to the 
second, £1 15s.; no third engineer.’ 


LArvrenant Jurius Rosurts.—Isa lieutenant of Royal 
Marine Artillery, and has been employed by the Admiralty 
to inspect contract steamers. JIas surveyed a great many, 
and reported on thirteen for fittings. Ten have been 
equipped and completed for service. The others inefficient, 
and unable to carry armament on account of number and 
nature of fittings, windlasses, hatches, &c. Must have a 
clear deck, within sweep of bow and stern guns Has found 
it necessary to strengthen knees and put in additional deck 
beams. Would put 32 pounders of 56 cwt. in merchant 
ships of 500 tons, as a pivot gun forward and aft. The four 
last vessels of Cunard’s line would carry a 95-cwt. gun very 
well, and some others also. The United States Trans- 
atlantic steamers are larger than ours, but less capable of 
carrying guns for want of proper arrangements. Some of 
the contract steamers are and will be capable of carrying 
the heaviest shell guns. Would not call a steamer armed, 
if only with broadside guns and paddle wheels. Wants 
heavy pivot guns. Would undertake, with enough hands, to 
alter and turn out 100 merchant steamers in two months, 
to carry heavy guns forward.” 


Caprain Henpensox, R.N. “has been in action in a 
stesmer with batteries, but not with another steamer. 
Against batteries they answer admirably, because you can 
fight with steam down. Opinion, that in a general war 
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lange steamers would be available against line-of-battle 
ships, because the line-of-battle ship would be taken on her 
weak points by the larger guns of the steamer, which 
would keep at a distance, and could elevate her guns more 
then a sailing vessel could do. Opinion, that steamers 
might be brought into broadside action, and would not be 
so vulnerable as people generally fancy. That in half an 
hour a line-of-battle ship would be very much crippled by a 
steamer, if it were calm or a light wind. If the line-of- 
battle ship had an auxiliary screw she would be a more 
dangerous enemy, but the steamer of superior speed would 
still have the advantage. In case of a battle, each ship of 
the line would have a steamer to tow her into position. In 
the first of the war we ought to have a number of light fast 
steam vessels to protect our trade and act as privateer. 
Opinion, that there is an end of blockades, because men-ef- 
war could always be towed out by steamers when the blotk- 
ading fleet was blown off shore. Blockading would became 
an observation by steamers. With reference to arming 
large merchant steamers, it is a great mistake attempting to 
put large guns of 80 cwt. and upwards in vessels that are 
built of light material, without immense strengthening. I 
am quite sure that merchant steamers are not near 80 
strong in the scantling as Government steamers generally.” 


Carrain Cuaps, R.N.—“ If I were in a 120-gun ship, I 
should not care for the Sidon. She dare not come under 
my guns. Supposing the linc-of-battle ship in a calm, not 
having heavy pivot guns on deck, ] should endeavour to cap. 
ture her if I were in the Sidon ; but I believe you might fire 
away the whole ammunition of the steamer without hardly 
striking the ship, if you kept out of range of her guna, say, 
8000 yards. In a calm her boats would always keep her 
broadside on the steamer. Does not agree with Captain 
Henderson on this point. At 8000 yards, even under 
favourable circumstances, the steamer will not stmke the 
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ship above eight or nine per cent. Pivot une have little 
advantage over 32-pounders in the lower deck of a ship, as 
to precision, Opinion, that the merchant steamers would 
lose speed after they had taken in their armament and 
spars, Is not aware that vessels of a comparatively small 
class will carry 50 tons of cattle on their decks, and do very 
well with it.” 


Report of the Committee of the House of Commons.—The 
Report of the Committee of the Houso of Commons, with 
reference to the “ practicability of providing, by means of the 
vommercial steam marine of the country, a reserve steam 
navy available for the national defence when required,” is 
ay follows :— 

“Tbat mercantile steam ships of the sizo and strength 
nevessary for the reception of such guns as arc in use in the 
Royal Navy, would be a most useful auxiliary force for na- 
tiowal defence ; and your Committee do not foresee any 

iffpulty in carrying out such a measure. 

“That the prompt development of the whole available ma- 
ritinje resources of the country, in the event of threatened 
hostilities, is most desirable as a means for the preservation 
of peace. 

“That the steps necessary for rendering such mercantile 
steamers available for the purpose, and the remuneration to 
be given by the public for fitting them and holding them 
liable to be called into the public service, must be matters 
of arrangement between the owners and the Government, 
upon which your Committee do not deem 1t necessary to 
offer an opinion.” 
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TABLE No. I. 


ADMIRALTY FORMULA OF SPECIFICATION FOR MARINE 
ENGINES, WIT PADDLE WHEELS. 


SPEcrFication of certain Particulars to be strictly observed in 
the construction of a pair of Marine Steam-Engines with 
Paddle Wheels, referred to in the Admiralty Letter on Her 
Majesty's Service. i 


Tux tenders are to be made (in triplicate) on the accompany- 
ing printed forms, every particular in which is to be strictly and 
carefully filled up; and all drawings, models, and boxes con- 
taining them are to be distinctly marked with the names of the 
parties transmitting them. 

The whole weight of cach pair of engines, including the boilers 
(with the water in them), the coal boxes, the paddle wheels, the 
spare gear, the floor plates, ladders, guard rails, and all other 
articles to be supphed under the contract, is not to exceed 190 
tons. 

The coal boxes (in the space of the cngine room) are to con- 
tain eight-days’ coal, computed at 8lbs. per horse power per 
hour, and at 48 cubic fect to the ton. Sufficient details of the 
coal boxes are to be shown in the drawing, to enable a computa- 
tion of their contents to be made. In this computation the space 
below the deck to the depth of six inches 1s to be excluded, to 
allow for the space occupied by the beams, and for the difficulty 
of completely filling the boxes with coals. 

To avoid the possibility of mistake in the dimensions given in 
the drawings furnished to the respective parties, it is to be 
understood that— 


The length of the engine room, in the clear, is not 
ae v4 os : ‘ ‘ : : 

eadth of di a. ee. ae : 
Depth ofditto. . . | 1. § aeshown in 
The centre of the shaft above the water lina Wing. 


. Oin. 
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The situation of ditto, as per drawing, or as near aa can be, 

The holding-down bolts are to be secured by nuts let into the 
sleepers, so as not to require the bolts to pass through the 
versel's bottom; and the bolis are to have, at the lower end of 
their points, wrought-iron washers about eight inches square, and 
one inch thick, placed between the nuts and the wood. Should 
this mode of security be inapplicable to the particular kind of 
engine proposed, the engineer is fully to describe any other 
secure mode which he may think the most advisable to adopt. 

The pistons are to be fitted with metallic packings. 

The Hlow-off pipes are to be not less than 34 inches in dia- 
meter, and their thickness not to be less than + inch. 

The thickness of the steam pipes is not to be less than } inch; 
of the bilge pipes, not less than 4 inch; of the feed pipes, not lesa 
than + inch; of the wasto-steam pipe, not Jess than i inch; and 
of the waste-water pipes (if of copper), not less than 4 inch. 

The cylinders are to be fitted with discharge or escape valves 
at the top and at the bottom of each, for allowing of the escape 
of water therefrom ; the valves to have suitable metallic cases to 
qbyiate the danger of persons being scalded by any escape of 
boiling water. Reverse valves are to be fitted to the boilers. 

Each cylinder is likewise to be fitted with a separate move- 
ment and valve, for the purpose of using the steam oxpansively 
in various degrees, as may from time to time he found eligible. 

The air-pumps are to be lined with gun metal of half an inch 
in thickness, when finished. 

_The air-pump buckets are to bo of gun metal, with packing 


rings. 

Tho air-pump rods are to be of gun metal, of Muntz’s metal, 
or of wrought iron cased with gun metal. 

The threads of all screwed bolts, nuts, and pins used in se 
and boilers, and in every other part of the work furnished by 
the contractor, are to agrec with the threads used in the steam 
department at Woolwich. 

A small engine is to be fitted, capable of working one of the 
pumps for feeding the boilers. 

Pipes to be fitted for supplying, in the event of a leak in the 
vessel, the requisite quantity of water from the bilge to the 
condensers. 

The hand pump to be made capable of being worked by the 
engine also, and to be arranged to pump into the boilers, on 
deck, or overboard ; and to dee water from the boilers, from 
the bilge, or from the sea. 

The feed apparatus to be complete, Endener dently of any feed 
from a cistern above the deck, should such be fitted. 

The steam pipes and all other pipes to be of copper, and their 
respective diameters to be s ecified in the tender. 

separate damper to be fitted to every boiler, and dampers to 
be fitted to the fronts of the ash pits. 
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Brine s, or some other equally efficient apparatus, with 
Sefdnoratin. ts be fitted to the boilers. 

A small flat iron vessel to be fixed in one of the tends boxes, 
with two pipes, one communicating with the stoke hole, and the 
other with the boiler, for obtaining a small supply of distilled 
water from the boiler. Air tubes to be fixed in the coal boxes, 
for ascertaining their temperature. Particulars will be furnished 
to the contractors, on application to the captain superintendent 
at Woolwich Dockyard. 

The boilers are to be tubular, having iron tubes of 24 or 3 
inches outside diameter ; and it is desirable that the upper part 
should not be a greater distance above the water line Baa cir- 
cumstances render necessary. They are to be constructed in 
three or more separate parts, each of which may be used inde- 
pendently of the others. Sufficient details of the boilers are to 

e shown, to enable a calculation to be made of the area of fire 
grate, and of the fire and flue surface. 

In the manufacture of tubular boilers, eare is to be taken to 
leave sufficient room between the crowns and the lowest row of 
tubes, with mud-hole doors in the front of each boiler, to admit 
@ person into these parts, both for the purpose of cleaning them 
and of repairing them, without taking out the tubes. mud- 
hole doors to be placed on the inside of the boilers. 

A space of 13 inches wide is to be left clear between the boilers 
and the coal boxes in every part. The boilers are to be placed 
on a bed of mastic. 

The paddle wheels are to be of the common construction, and 
to be fitted with suitable brakes. Braithwaite’s disconnecting 
i) aad is also to be applied. 

he power of the engines is to be 260 horses, calculated at 7 lbs. 
effective pressure on each square inch of the piston, and the speed 
of the piston 


ft. in. 
for 4 Ostroke not to exceed 196 feet per minute. 
6 ditto ; ‘ . 204 


4 ” 

5 O ditto . : . 210 rs 

5 6 ditto : : . 216 ” 

6 0 ditto ; , . 222 4 
6 6 ditto — S . 226 me 

7 Oditto . ? . 231 ‘i 
7 6 ditto ; : . 236 a 

8 0 ditto . 240 95 


All the necessary ladders for the engine room, together with 
fenders, guard rails, and floor plates, are to be included in the 
tender, and likewise the expense of trying and fitting the epare 


gear. 
The expense of clothing (in- the following manner) the cylinders, 
steam pipes, and boilers is also to be included in the tender. 
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The oylinders are to be covered with hair folt to the thickness 
of two inches. The felt is to be covered with thoroughly dried 
wood, and bound together by iron or brass hoops. 

The steam pipes are to be clothed with felt, which is to be 
woulded with spun yarn, and then to be covered with canvas; 
the whole to be of such thickness as to be even with the flanges. 

After it has been ascertained by trial that every part of the 
boilers is perfectly tight, two good coats of red-lead paint are to 
be then put on them, and felt ppplied to the tops, sides, and ends, 
to the thickness of two inches, while the paint is moist. For the 
more convenient application of the felt, it is to be previously 
stitched to canvas for the purpose of holding it together. The 
canvas is then to be well paimted and carefully covered with 
thoroughly dried one-inch deal boards, having rabbeted, or 
grooved and tongued joints, and bound up to the boilers by 
suitable iron straps. 

The coating of felt and boards on the top of the boilers or 
steam chest is to be kept at least 18 inches from the funnel, and 
the circular space between the coating and the funnel is to be 
covered with a three-inch course of brick, set in cement, and 
surrounded and held together by an iron hoop, or this space may 
be filled up with mastic. 

The boards and bricks on the upper parts of the boilers are to 
be covered with shect lead, 4 pounds to the square foot, so as to 
prevent any leaks from the deck reaching the felt. 


N.B. Parties contracting to supply machinery for her Ma- 
jesty’s ships and vessels are to be bound in a penalty of one 
thousand pounds to complete their contracts at the stipulated 
pet and it is distinctly to be understood that it 1s their 

rdships’ intention to enforce the bond in all cases where the 
machinery is not fixed and ready for trial at the time specified 
in the contract. 

The time required for completing the machinery so as to be 
ready to be put on board the vessel, is to be considered as com- 
ria from the date of their Lordships’ acceptance of the 
tender. 

And the period stipulated for fixing the machinery on board 
the vessel is to be calculated from,the date the vessel is placed 
in the hands of the parties for that purpose. 

It is likewise to be understood that, if the weight specified in 
the tender be exceeded, the contractor ia to forfeit one thousand 
pounds, or their Lordships are to be at heed to reject the 
engines, the manufacturers paying one thousand pounds for the 
disappointment. 

It is to be understood that the eeu of fixing new engines 
on board her Majesty's vessels at Woolwich Dockyard is to be 
entirely discontinued. The ports to which their Lordahine will, 
for the convenience of manufacturers, allow vessels to be taken, 


are those of London, Liverpool, Greenovk, Glasgow, a a 
provided the places at which the vessels are to lie in those ports 
shall be named in the tender, and approved of by their Lordships. 
in ali cases of vessels receiving their engines on board at an 
other port than that of London, a deduction of two per cent. wi 
be aad from the price of the engines named in the tender, as a 
compensation for the expense, wear and tear, and risk thereby 


incurred. 

No,charge will be allowed for transporting the vessel to the 
place where the engines are to be fixed on board; for coals in 
trying. the engines until they are complete; for boats, anchors, 
men, lighters, pilotage, canal or dock dues, shipwrights’ work, 
or for any other expense whatever. The “watching” of vessels 
is to be performed in future by officers and men in her Majesty's 
service. 


Teper from foray. 
of Steam Engines with Paddle Wheels, pursuant to a Letter 
Srom the Admiralty, dated , and the Specifi- 
catton accompanying the same. 
Collective power of the two engines ‘ ‘ . 260 horses. 
Weight of the engines 80 tons. 
Boilers and their apparatus 45 
Water in boilers : 30 
Coal boxes . : ; 10 
Paddle wheels . , 13 
Spare gear, and all fittings included in contract 12 
Total weight . : . . : 190 tons. 
ae 
ft. in 
Diameter of cylinders . . : 6 . O 61h 
Length of stroke  . ‘ ‘ ‘ ~ « 4 6 
Strokes per minute . . . No. 24 
Diameter of paddle wheels . : ‘ a . gi SOL 
Breadth of ditto . : ° . : - 8 3 
Diameter of necks of intermediate and paddle-wheel shafts 0 


l 3 
Qnantity of coals which can be stowed in] 185 tons, or 8$ se Pow 
the coal boxes . «wets sumption. 
Estimated consumption of coals per horse perbour . . 8ib. 
Cost of engines, boilers, and coal boxes £1 ais i Including the erection 


Ditto paddle wheels, common on board. 
Cost of duplicate and spare articles, as Including the entits 
per list . «es 880 | fittingandtryingef the 


——— {same wherever atid 
Totaleost . . « «+ « £12,740) whenever required, 


Including all the items of expense mentioned at the end of the spe- 
cification. 
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Time required for completing the work ready to be put on 
b one pair, eight months ; for two pairs, nine months. 

Further time required for fixing the whole in the vessel, ready 
for service, two months. The engines to be fixed on board in 
the Hast India Docks, London. 

The boilers will be constructed on the tubular principle, em- 
bodying all the latest improvements. Tho tubes will be of iron, 
3 in. external diameter, and 6 feet long, and secured in the best 
manner in tube plates of the best charcoal iron, # in. thick. 
The bottoms of the boilers will be composed of plates xy in. 
thick ; the sides and tops of plates 4 in. thick; and the fire 
boxes of Lowmoor plates, § in. thick. The heating surfaces of 
the isl sae boilers will be—grate-bar surface, 85 square inches 

er horse power ; tofa/ tube and flue surface, 16 square feet per 

orse, and effective surface 134 square feet. Sufficient room will 
be left between the crowns of the furnaces and the tubes for 
cleaning the former. Each boiler will be fitted with separate 
safety valve and stop valve, so that either may be worked distinct 
from the other if required. Brine pumps will be attached to the 
boilers ; also a small feeding engine will be provided for working 
the supplementary feed pump. 

The boilers will be clothed with felt, wood, and lead, as usual. 

The blow-off pipes will be of copper, 34 in. diameter, and } in. 
gene having their cocks, conical pipes, and stop valves of gun 
metal. 

The engines will be constructed on the direct-action principle, 
as shown by the drawings, and will embody all the latest im- 
provements. The slide valves will be formed on the long D 
construction. The air pumps will be of solid gun metal; and 
the = pomp rod and bucket, foot valve, and delivery valve, will 
be all of gun metal. 

There will be two feed and two bilge plunger pumps, each 
pump eapable of supplying both the boilers. 

The pistons to be of the most approved construction, with 
metallic packing. Tho steam pipes, feed pipes, and all other 
pipes usually constructed of copper will be of this material, of 
sufficient thickness. All the bearings will be of best brass. 
poy igen gear will be attached to the engines. The framings 
of the engines will be composed chiefly of wrought iron, and w 
be made as light as is consistent with the requisite strength. 

The paddle wheels will be on the common construction ; and 
the shaft will run through to an outside bearing on the spring 


beam. 
The whole to be of the best material and workmanship. 
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Last of Toors and Sranz Arricies for Paddle-wheel 


Engines of Horses Power. 
ENGINEERS’ TOOLS. - 
0. 
Brushes, for boiler tubes, to every 100 horse coe . 20 
Drifts, short and long oe do. . 1 each. 
Fire irons... : - wo 12 
Mandrils “do. do. . . J each. 
Scrapers, circular and forked do. .  . . 6 each, 
Spanners and wrenches of sorts . »  . « B4 
Stocks taps and dies, from } inch to i. . . . Leet. 
SPARE GEAR. 

Air pump, side rods, me sa and brasses complete 

(if so fitted) . : ; ‘ ‘ . 2 
Air-pump rod 1 
Air-pump cross head (uf go fitted) : : ; . id 
Arms for paddle mnees : ; : . . 4 
Bars, furnace 3 ; ; : , . $ Bet. 
Bearers . eo a2 4, & eo 3B 
Beam, sway (if BO fitted) ; : : ; : = a) 

oiler plates . . « 6 cwt, 
Bolts and nuts for engines, properly assorted. . 120 
Bolts and nuts for paddle wheels, or rivets pauinas (if 

so fitted) . ; . 100 
Bolts and nuts hook for paddle boards . =. =... 100 
Braases for outer end of shaft. 2 
(Cylinder side rods, with ie os brasses complete 

(if so fitted) . 
rh a lid. a ee ee ee 
na cross head (if Bo fitted) ; ae: 


rrules for boiler tubes, to every 100-horse power . 60 
(Fork head (if so fitted) . 1 
(Side links to fork head, with straps and | brasees com- 


plete (if so fitted) : 2) 
Paddle boards . , : : : ; . 12 
Paddle plates - 1 <e ob wa oer “Se Se cas 
Piston and rod . . dd 
Rod connecting with strap and brasses, complete 1 

Bs gates motion, wit eer i oe one 


. engin we a : ; : ite 
x see aaa 4) tte . 

» Bilge (if so Sted : 1 

» Slide = of 
Screws, rathing: for slide, complete for one engine . 1 set. 
Segments for paddle wheels, large . 4 
Segments for paddle wheels, emeli (if so fitted) . . g 
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Springs for each piston (if ao fitted) . . «..+ I1set. 
Springs for other parts of engines, for lengine. . 1 set. 
ea, boiler, to every 100-horse power oe ee | 

Tubes, glass, for barometers . . . =. «= & 
Tubes, glass, for boilers. . . . . «.. 4 
Valve, foot, without seat a ae a Coe 
‘Washers, iron a. ‘ ; is od . . 100 


Norr.—Such articles contained in this list as are not to be 
found in the particular kind of engine tendcred for, to be struck 
out by the party tendering; and any articles may be added to it 
which, from the construction of the engines, he may consider 
ought to be supplied. 


TABLE No. II. 


ADMIRALTY FORMULA OF SPICIFICATION FOR MARINE 
ENGINES, WiTH SCRDOW PROPELLERS. 


Srzoirrication of certain Particulars to be strictly observed in 
the construction of Marine Steam Engines (with Screw Pro- 
pellers), referred to in the Admiralty Letter of the 9th of Sep- 
tember, 1845, for IIcr Majesty's Steam Guardship of 72 Guns, 
with Auxiliary Engines of 450-Horse Power. 


The tenders are to be made (in triplicate) on the accompanying 
printed forms, every pal ated in which is to be carcfully and 
strictly filled up; and all drawings, models, and boxcs contain- 
ing them, are to be distinctly marked with the names of the parties 
transmitting them. 

The coal boxes (in the space of the engine room) are to contain 
as much room as possible. The arrangement, and quantity (com- 
puted at 48 cubic feet to the ton) to be shown in the tender. 

The consumption of coal per horse power, and the number of 
days’ coals which the boxes will contain, are to be accurately stated 
in the tender. 

The breadth and depth of the engine room are shown in the 
drawing. If the length should be found insufficient, ithe foremost 
bulkhead may be removed as much farther forward as is neces- 
et the situation of the after bulkhead is not to be 

te 


red. 

As the engines will not be so frequently worked as in an ordi- 
nary steam vessel, especial care is to be taken in the arrangement 
of the boilers and machinery, that every part may be easily ae- 
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ceasible, so that no diffoulty may be found in preserving them in 
an efficient state. . 

The situation of the centre of gravity of the whole machinery, 
coals, &c., to be shown in the drawing. 

The pistons are to be fitted with metallic packings. 

The blow-off pipes are to be at least 34 inches in diameter, and 
their thickness not to be less than 3 inch. 

The thickness of the steam pipes is not to be less than } inch ; 
of the bilge pipes not less than + inch ; of the feed pipes not less 
than ¢ inch; of the waste steam pipe not less than } inch; and 
of the wastc-water pipes (if of copper) not less than } inch. 

The cylinders are to be fitted wit discharge or escape valves 
at the top and at the bottom of each, for allowing of the escape of 
water therefrom; the valves to have suitable metallic cases to 
obviate the danger of persons being scalded by any escape of 
boiling water. ‘Reverse valves are to be fitted to the boilers, 
and efficient stop valves at the ship’s side to the waste-water 


ipes. ‘ 
Bach eylin ler is likewise to be fitied with a separate movement 
and valve for the purpose of using the steam expansively in 
various degrees, as may from time to time be found eligible. 

Tho air-pumps are to be lined with gun metal of half an inch 
in thickness, when finished. 

_The air-pump buckets are to be of gun metal, with packing 
rm 8, 
he air pump rods are to be of gun metal, Muntz’s metal, or 
of wrought iron cased wilh gun metal. 

The threads of all screwed bolts, nuts, and pins used in tho 
eh and boilers, and in every other part of the work fur- 
nished by the contractor, are to agree mili the threads used in 
the steam department at Woolwich. 

A fan-blower with all the necessary apparatus is to be provided 
for blowing the fires in the event of injury to the funnel; and a 
small cngine is to be fitted, capable of working the blower as well 
ag one of the pumps for feeding the boilers. 

Pipes to be fitted for supplying, in the event of a leak in 
the vessel, the requisite quantity of water from the bilge to the 
condensers. 

The hand pump to be made capable of being worked by the 
engine also, and to be arranged to pump into the boilers, on deck, 
or overboard; and io draw water from the boilcrs, from the bilgo, 
or from the sea. 

The steam pipes and all other pipes to be of copper, and their 
i apsiahl diameters to be specified in the tender. 

separate damper to be fitted to every boiler, and dampers to 

Gitted to the fronts of the ash-pits. 

Brine pumps or some other equally efficient apparatus, with 
refrigerators, to be fitted to the boilers, and blow-off pipes go 
arranged that any boiler may be blown off separately. 
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Air tubes to be fixed in the coal boxes, for ascertaining thei) 
temperature. Particulars of these and other amall fittings, suct 
aa glass water gauges, &c., to which the contractors will by 
required to conform, will be furnished to the contractors or 
application to the captain superintendent at Woolwich Dock. 


The boilers are to be of the tubular construction having tube: 
of 24 or 3 inches diameter outside, the cost with iron and witl 
brass tubes respectively is to be specified in the tender. 

The boilers are to be constructed in three or more separat 
pa’, each of which may be used independently of the others 

ufficient details of the boilers are to be shown, to enable a cal. 
culation to be made of the area of fire grate and of the fire anc 
flue surface. 

In the manufacture of tubular boilers eare is to bo taken t 
leave sufficient room between the crowns and the lowest row o! 
tubes, with mud-hole doors in the front of each boiler, to admit 
a person into these parts, both for the purpose of cleaning them, 
and of repairing them, without taking out the tubes. 

A space of thirteen inches wide is to be icft clear between the 
boilers and the coal boxes in every part. The boilers are to be 
placed on a bed of mastic. 

The poner of the engines to be 450 horses; and the weight, 
if possible, not to exceed 800 tons; the power to be calculated 
at 7Ibs. effective pressure on every square inch of the pistons ; 
and at 45 strokes per minute. 

The whole of the machinery and boilers to be below the lower 
or sleeping deck. 

The speed of the propeller shaft to be at least 45 revolutions 
per minute, the shaft to be driven direct from the engines. 

The screw propeller to be two-threaded and to be made of gun 
metal of about 15 ft. 6 in. in diameter, and of the form to be here- 
after determined. 

The screw to be hung upon a separate shaft, capable of being 
easily disengaged from the driving shaft, and suitable means are 
to be provided for shipping and unshipping it through a trunk 
e dine from the upper part of the aperture for the screw to 
the upper deck. 

Tt is to be understood that any pm in which the arrange- 
ments may differ from those abové described will be taken into 
consideration, if they shall aid See likely to answer. 

All the necessary ladders for the engine room, together with 
fenders, guard rails, and floor plates, are to be included in the 
tender, and likewise the expense of trying and fitting the spare 


gear. 
The expense of clothing (in the following manner) the cylin- 
roa steam pipes, sad ‘bolle, is also to be included in the 
tender. 

The cylinders are to be covered with hair felt: to the thick- 
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ness of two inches; the felt is to be covered with thoroughly 
dried wood, well fitted, and bound together by iron or brass 
hoops. : 
e steam pipes are to be clothed with felt, which is to be 
woulded with spun yarn, and then to be covered with canvas ; 
the whole to be of such thickness as 1o be even with the flanges. 

After it has been ascertained by trial that every part of the 
boilers is pertectly tight, two good coats of red-lead paint are to 
be then put on them, and felt applied to the tops, sides, and 
endg, to the thickness of two inches, while the paint is moist. 
For the more convenient application of the felt, it is to be pre- 
viously stitched to canvas for the purpose of holding it together. 
The canvas is then to be well painted and carefully covered 
with thoroughly dried one-inch deal boards, having rabbeted, or 
grooved ant tongued joints, and bound up to the boilers by 
suitable iron pple 

The coating of felt and boards on the top of the boilers or 
ateam chest is to be kept at least 18 inches from the funnel, and 
the circular space between the coating and the funnel is to be 
covered with a three-inch course of brick. sct in cement, and sur- 
rounded and held together by an iron hoop, or this space may be 
filled up with mastic. 

The boards and bricks on the upper parts of the boilers are to 
be covered with shect lead, 4 pounds to the square foot, so as to 
prevent any leaks from the deck reaching the felt. 

The engines to be fitted on board the ships, either in the 
Thames, at Portsmouth or Plymouth; the parties tendering to 
state the expense of fixing the machinery at each place respee- 
tively, it being understvod that if fixed in the Thames, dock 
dues and all other expenses are to be borne by the contractors. 
But if at Portsmouth or Plymouth dock yards, the use of the 
government shears or cranes, with the necessary handa, will be 
allowed for lifting the heavy weights. 


N.B. The time required for completing the machinery so ag 
to be ready to be put on board the vessel, is to be considered 
as commencing from the date of their Lordships’ acceptance of 
the tender. 

And the period stipulated for fixing the machinery on board 
the vessel is to be calculated from the date the vessel is placed in 
the hands of the parties for that purpose. 

Parties contracting to supply machinery for Her Majesty’s 
ships and vessels are to be bound in a penalty of one thousand 
pounds to complete’ their contracts at the stipulated periods, and 
it is distinctly to be understood that it is their Lordships’ inten- 
tion to enforce the bond in all cases where the machinery is not 
fixed and ready for trial at the time specified in the contract. 

It is likewise to be understood thac, if the weight specified in 
the tender be exceeded, the contractor is to forfeit Sa thousand 
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pounds, or their Lordships are to be at liberty to reject the 
engines, the manufacturers paying one thousand pounds for the 
disappointment. 


TanpeEr from for a pair of 
Steam-Engines (with Screw Propellers), pursuant to a Letter 
from the Admiratty, dated the 9th of September, 1845, and the 
Specification accompanying the same. For a 72-Gun Steam 

ard Ship (auxiliary). 


N.B. All the following particulars are to be carefully stated in 
this paper, so far as may relate to the tender required by the 
dmiralty. 


In words and figures. 
Collective power of the two engines four hundred and fifty horses 450. 
ba: Weight of engines . . 127 tons. One hundred and twenty-seven. 
BS Do. Boilers and ee 55 Fifty-five 
b> apparatus ” yoyo: 


Say Do. Water in the boilers 45 __,, Forty-five. 
eae Do. Coal-boxes . . 15 ,, Fifteen. 
&'34\ Do. Propeller, pro- 
S23|  peller shaft, and met 30 ,, Thirty. 
er chinery for driving it 
ze Do. Spare gear, and 
Sy all fittings included > 18 ,, Eighteen. 
EZ | in contract 

Total weight 290 tons. Two hundred and ninety. 
Diameter of cylinders four, each 50 in. 
Length of stroke. . . . 3 ft. 0 in. 
Strokes per minute . . . No., 45 


Revolutions of propeller 
shaft per minute } Ba 82 
Diameter of the necks of 


the engine shaft 13 in. 
Do. Propeller shaft 13 in, 
The quantity of coal which 


can be stowed in the >} 250 tons, being 9 days’ consumption. 
coal boxes 
Estimated consumption of 
coals per horse power 6 lbs. 
= per hour = P 
ost of engines, boilers an 
coal boxes £17,620 Includi ; 
Do, Propeller, shafts, and mene i icant on 
all machinery connate | 3,650 | ' 
with them J 
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Cost of Duplicate and spare and trying of the same 
articles as per inclosed wherever and whenever re- 


list, and all fittings and £1,450 quired; and all the other 


Including the entire fitting 


other articles to be sup- items of expense mentioned 
plied under the contract at the end of the specifica- 
tion. 





Total cost . . . £22,720 





Time required for complet- 
ing the work ready to be > 12 months. 
put on board 

Further time required for 
fixing the whole in the 
vesse], so as to be fit for 
service 

At what place the engines are to be fixed on board. 


3 months. 


The construction and dimension of the boilers to be here de- 
scribed, and the thickness of the plates of the various parts of 
them; and if the boilers be tubular, the diameter and length 
of the tubes to be specificd, as well as the material of which 
they are to be composed. 

Boilers to be tubular, over all 19 ft. 9in. long, 24 ft. wide, and 
12 ft. high, being kept (as well as the engine) entirely under the 
orlop deck. Teating surface to be 15 sq. ft. per horse power, and 
grate-bar surface, 80 sq. in. per horse. 

Engines to have four horizontal cylinders driving the screw 
shaft direct. 

The blow-off pipes to he 4in. in diameter and } inch thick, of 
copper s having their cocks, conical pipes, and stop valves of gun- 
metal. 

The whole to be of the best materials and best workmanship. 


N.B. The position of the engines, propeller, boilers and coal- 
boxes to be distinctly shown in the accompanying drawings of 
the engine room. 


_ — — _ 





List of Toors and Spars Articies for Engines (with Screw 
Propellers) of 450 Horses’ Power. 


ENGINEERS’ TOOLS. 


No. 

Brushes, for boiler tubes, to every 100 horse power . 20 
Drifts, short and long do. do. - - leach. 

Ire irons . Z ; ‘ ; ‘ q ; . 12 
Mandrils do. do. - leach. 
Scrapers, circular and forked, do. do. . 6 each. 

panners and wrenchers of sorts ; : . . 2a 


Stocks taps and dios from} inchtol} hans 1 set. 
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SPARE GEAR. 

Air pump, side rods, ay straps aod brasses complet No. 
(if so fitted : : 

Air-pump ro 

Pap cross head Ce 80 fitted) ‘ 

Bars, furnace. 

Bearers. . «. «© - 


Sd 2 


= e fs 


Boiler plates x. wt. 
Bolts and nuts for engines properly ascorted . "199 
Cylinder lid. : : o 
CF linder cross head (Gif 80 filted) : . dt 


erules for boiler tubes, to every 100 0 horse power . 60 
Piston and rod . ~ ul 
Propeller and shaft complete : 5 a 
Rod, connecting, with strap and brasses os complete ee: 
es "Feed pump (if so fitted) : ee | 
», Bil e pump (if so fitted) . 2 1 
99 . dt 
Screws, aa igs for slides, complete for one engine . I set. 
Springs for eac ‘piston (if 80 fitted) . . « J set. 
Springs for other parts of engines, for 1 engine - « I set. 
Tubes, boiler, to every 100 horse a 10 


Tubes, glass, for barometers . ow 8 
Valve, foot, without seat é ' : j ae) 
Washers, iron ; : . . 100 


Notte —Such articles contained in this list as are not to be 
found in the particular kind of engine tendered for, are to be 
struck out by the party tendering, and any articles may be added 
to it which, from the construction of the engines and propeller 
machinery, ‘he may consider ought to be supplied. 


Nors.—For Tables IIT. and IV. see also “ Artizan Journal” 
for 1849 and 1850. This journal is the more specially devoted 
to steam navigation and machinery generally. 
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TABLE No. III. 


TABLE OF THE PRINCIPAL DIMENSIONS OF 194 sTEAMERS 
WITH PADDLE-WHEELS. 





Tonnage— 
Builder’s old 
Measurement 














ft. in. 

16 O\wood|Duncan _ .|R. Napier 
17 0} ,, |B. Steele  .|Ditto 

7 Giron |Fairbairn .j Fairbairn 


_ Beet | 
Seneed | 


, ilson 
O\wood)R. steele 










18 AR. Napier 
21380 18 6 ,, [Ditto . JDitto 
2720 18 0} ,, |American ./Ameritan 
435 7 6 ,, |Connell Coates and 
Young 
8 0} ,, j|American .|American 
9 0| ,, |Lang, Jun. .|Penn 






Fawcett 
R, Napier 


.|Forrester 


woug|Lang .  .|/Penn 
Oliron |Ditehburn .|/Miller 
» |R. Napier .|R. Napier 


0} ,, |Ditto .  .|Ditto 
Olwood |Duncan .|Ditto 
6\iron ‘Smith and [Smith end 


wood| Wilson 


” 
















0 iron jLaird . 


Rodger . er 
Olwoud|Curling and |R. Napier 
Youn 


M'‘Gregor 
0| , |Ditechburn .|Seaward 


0|wood|Symonds 
0} ,, {Vunean 






Rennie 
jR. Napier 
Ditto 

















9/24 0} ,, |i. Steele 

114 O'iron |Caird . .|Grendon 
1/25 Olwood|R. Steele ./K. Napier 
3) 9 & Giron |Caird . —.|Caird, 
8/10 » |Denny Wingate 
0/20 0} , |B. Napier |R.N 
6113 6 9] , |Joyce . Joyce 
6/90 aird 
0/20 

3117 

712 

3 

0 





& b&eo 

















a 
é d¢ ss \Bi 
aopoot SE (35/22/28 
essel, | & fs 
ia fag 2s Sg § 
a; Re 
ft. in {ft. in./f. in.| Tons. 
40\Dansig, (280 0184 4190 3) 1280 
Dee .  ./215 0.385 9130 3] 1825 
Demerara ./285 0/41 0/33 0} 2318 
Dandalk ./173 0/26 1/15 6] 556 
Dundee = .}175 0/28 0117 6| 650 
45| Duchess 
Argyll .|147 0114 6 6 6} 100 
Eagle . 105 018 O} 8 6) 160 
Eblano 1205 626 2/15 8 635 
Eclipse (160 0116 01 7 0} 200 
Relipse 1156 0119 01 9 6} 278 
§0| Elfin, R.N. 1108 614 0/7 9 98 
Emperor _,|240 0/82 6/20 0} 1270 
Engineer .|162 0/18 1/8 2) 295 
Equador 1168 0193 0114 0| 3165 
Kuropa __ 251 as 2\23 8) 1764 
56|Kuxine (222 0'29 6118 6] 1200 
Fairy . {128 016 318 3; 135 
Fairy . [125 01316 7| 7 8 140 
Father 
Thames .j145 0119 O10 0 247 
Favorite .1175 022 7/12 5 44 
60) Finella {160 0120 4/11 41 827 
Fire King ./180 0/28 0116 8| 663 
Frederik- (1340116 0) 7 0} 158 
shald p 
Fitzroy So- (102 7/19 8/10 7| 200 
merset . 
Foyle . 1196 0:26 0116 0} 781 
66/Fory, B.N. (195 3:86 0/21 0} 1123 
Ganges .1236 0,30 4/18 7} 1066 
Georgia (865 0/46 0/33 0) 2300 
Gorgon,R.N |180 0/87 6/20 0; 1100 
Great Liver- 
pool.  ./225 0130 10/19 8] 1140 
70\Great W est- 
ern , (215 O86 4/23 3] 1840 
Guadaloupe 185 0180 O18 0} 800 
adalqui- 
wer . {205 0125 O12 0; 660 
Hamburg ./215 0/26 616 0| 680 
Helen 
M‘Gregor /160 0:26 O16 0; 681 
75\Helwellyn .1132 8117 0} 8 6 188 
Her Majestyi126 0|14 0| 7 0| 120 
Herne {160 0123 6/10 O} 855 
Hibernia  ./918 0136 0/24 0} 1850 
O80 =O] 1800 


Bindostan (295 0139 
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TABLE No. III.—Continued. 








Be §3 3 
Sa eae 
<> ee a) 
ola 

not 6 
nal. ft. in itt. 
400 15 
436 20 817 
750 

270 124 9l10 
300 124 Oj11 
70 \14 

73 |16 

370 128 7/10 
62 116 6 3 
100 /16 4 5 
60 4 
416 14 
104 118 O16 
174 {22 

690 (83 1/17 
450 |28 615 
66 |16 

62 14 63 
90 |18 6] 4 
150 |22 0| 7 
110 |19 6} 6 
300 

45 | 9 

108 116 0 
372 \26 6 8 
515 |25 6116 
470 129 81) 
700 se 0 
320 126 O16 
468 [28 516 
450 (28 16 
360 9 
220 187 017 
270 9 
250 

70 115 61 4 
40 j11 0} 4 
120 18 4 6 
500 (30 

560 17 





4 
a 
an ° W. j 
é i itp - of the 
© Vesse : 
; is! Machinery. 
in. 
Olwood|J. Scott Rus-iRobineons & 
sell . .| Russell 
0| ,, |Scott .  .|Scott and 
Binclair 
» {Patterson ,/Cuird & Co, 
6|iron |R. Napier .|R. Napier 
6iwoodlJ. Wood | Ditto 
iron {Denny {Penn 
» |Lod and Tod and 
M'‘Gregor| M'‘Gregor 
0! , |Ditto . .{Ditto 
6| ,, |Wingate . MB dete 
0| ,, |D. Napier .|D. Napier 
Olwood|Symonds_ .|Rennie 
Ql iron |K. Napier .|R. Napier 
3} » |J.& W. Na-J. & W. Na- 
pier pier 
» {Lod and Tod and 
M‘Gregor|_ M‘Gregor 
Olwood|J. Wood  .|R. Napier 
Oj iron |Caird . Caird 
» {Tod and Tod and 
M‘Gregor|_ M‘Gregor 
O| , |Vernon Forrester 
O| ,, |Ditehburn .jPenn 
0} , |Wingate .|Wingate 
O| 5, |Vernon _ .|Forrester 
» |R. Napier .|R. Napier 
Robinsons &| Robinsons & 
Russell Russell 
wood|J. Scott {Scott and 
Sinclair 
6, ,, |American .j|American 
o| ,, |Symonds Rigby 
¢\iron |Tod and Tod and 
M‘Gregor| M‘Gregor 
woodj|American .j/American 
8 ,, |Symonds  .!Seaward 
6 ,, {Patterson .iForrester 
Ol as Maudslay 
0) iron Laird . Forrester 
» {Vernon _ .|Fawouwtt 
6| ,, |B. Napier |R. Napier 
Laird .  .{Forrester 
» [Craig & Co, Oraig & Co. 
0| ,, |Bobinsons &|Robinsons & 
Russell . 
91 ,, |Ditchburn .|Boulton and 
Watt 
wood!R. Steele .jR. Napier 
O| ,, {Wilson Fawcett 
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TABLE No. III.—Continued. 










the Vessel. 








Tonnage— 


Builder's old 
Measurement. 









8OlInca . wood/Patterson .|Miller 
India . 6 O| ,, {Scott Scott and 
Sinclair 
Inverary {140 0/20 Tod and 
Castle M‘Gregor 
Isaac New- 
ton . _—|345 0 wood|American .|American 
Islay . — .IL67 0/21 iron |Tod and and 










M‘Gregor| M'‘Gregor 
85|Jenny Lind {145 0/16 
Juverna 180 8125 


Denn .|Penn 
5}9 O| ,, Lunell & Co.|Lunell & Co. 






















Kamtsvhat- 
ka . 215 0/36 
gr ead 
(Low-boat)} 82 8114 7 3 iron |Reid and Co.|Murdoch 
Laurel 190 0}Z3 » |Cuird . .jCaird 
90| Leinster 
Lase » |R. Napier JR. Napier 
Li pis 2 01 ,, [Toyeo, 
Lady el-j1 6 3| ,, |Barr and [Barr and 
burne M‘Nabb .| M‘Nabb 
Lion. 183 8 6 ,, [Smithand [Smith and 
Rodger Rodger 
Llewellyn .|190 0/26 9 Oo ,, {Miller . Miller 
95)\Loch Lo- (126 0/16 3 0) , |Denny Smith and 
mond ger 
London- 
derry .|160 8 Yiwood|R. Btecle .|R. Napier 
Lyra . 8] ron |B. Napier .|Ditto 
agicienne, 
R.N 8j/wood Penn 
Maid of Lorn 
Tow-boat)| 85 0/34 7 GI iron : 
100i Manchester |165 0/22 », |Robinsons & Robinsons & 
Russell ussel 
Maria . wood/American .|Amerijoun 
Marquis o 
Stafford 
Medway O17 Olwood! Pitcher Manudslay |. 
Merlin 1} 3 10) ron Ningaie Wingate 
105| Meteor 5 6 ,, (Card . Cair 
Mindello 11 3}wood/Green , Blyths 
Minerva Bury 
Mississipi .|2: 
Mongibell o. Maudslay 
110| Nemeats .|Forrester 
Nevka . j 
New Gren- Smith and 
a 
New York . 16 Ojwood Faweett 
jagara » {R. Steele .|/R, Napier 
Wb|Niagara |: } 0,4 8 American .|Amerioan 
Nile . , Boulton and 
Watt 
Ni : Bury. 


é 





imrod ‘ 
Nin, A amis 170 0136 6 9 Ro Robinsons & 


Sn acetates 


TABLE No. III.— Continued. 










S lass : 
Name of ee 3 Bid § 
the Vessel. ‘ re) 
4 |8 b 
3 
ft. in |ft. in.ift. in 
Norah 1386 018 6 8 0 
Oriena : 
120/Ocean . 1180 0125 O18 6 
Odin, K. N. (212 0187 olaa 2 
Ohio . .|265 0/46 +0133 0 
Oregon (825 0/36 0111 0 
Orion . 212 0128 g18 6 
126} Peiki Tijaret|172 0j26 6/16 
Peloto 1136 O20 211 2 
Peterhof ./190 0/21 69 0 
Petrel . 166 6/17 10) 7 11 
Pharos 1146 0/21 0/12 98 
180) Philadelphia/200 0/383 0/18 3 
Pioneer (161 O18 2) 9 0 
Pizarro _—.|187 0/30 0/20 0 
Pottinger ./220 0:35 0128 9 
Powhattan .|251 6/45 0126 6 
185|Precursor .|230 0/37 0/25 0 
President .|238 4% 030 0 
Premier [137 6117 717 0 
PrideofErini196 0\27 2/16 0 
Prince , 1165 024 O18 0 
140) Pr, Albert ./160 019 6 9 6 
Pr. of Walesil65 0126 614 6 
Princess ./166 0124 G6 0 
Princess ./135 018 0} 8 & 
Pras, Alice .|164 0\24 1/14 0 
145|Prs. Alice 
RN. 125 0j20 6 
Pra, Royal .|200 0/28 0 
Queen. _./165 0/16 9 
Queen . 162 0/24 7 
Railway _.|150 0/19 10 
1BOi\Rainbow  ./195 0/26 0 
Red Rover .)158 0/22 6 
Retribution 
‘| RON, (220 0/40 4 
Roberto 196 0/84 0 
Rose . — .{153 0120 6 
155|Royal Alice {145 0/18 0 
al Con- 
poe ‘ (180 0/28 5 
Salamander.|170 0|26 6 
RN.” 208 087 ees 0 
Sapphire .1166 0/18 0) 9 9 


eo 


lonn 
Builder's old 
Measurement 
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8s 3 a Makers 
Er e Builders of} ofthe 
99 |. e 8 the Vessel. | Machinery. 
fo] Pet 4 E 
Nom 
nal. |ft. in {ff. in. 
77 \16 6 (iwood|At Water- |At Water- 
ford 1 ford 
239 123 612 6 ,, | Wilson Scott and 
sinolair 
560 127. 6170 (*O} :,, |Kincham _ .|Pairbairn 
700 |36 »» \|American .|American 
h pr.|35 Ditto .  .|American 
4A0 |29 iron |Caird . — .|Cuird 
180 10 6\wood|Fletcher .|Miller 
100 |15 » |Pitcher ; Boats and 
att 
150 {16 4 Oiron|Mare . Rennie 
100 119 5 O| , |Barr and /Barr and 
M‘Nabb .| M‘Nab 
1350 |19 7 6| ,. |Fairbairn§ ./Penn 
B00 27 wood|American .{American 
95 |19 5 Oliron|Barr and = |Barr and 
Nab M‘Nab 
350 wood) Wigram Miller 
450 16 Oliron |Fairbairn {Miller 
800 |31 0)19 Olwood|American .|American 
20 17 0| ,, |Hedderwick |R. Napier 
040 [384 0117 OF ,, hae and|lawcett 
oung 
62 116 iron |Denny Smith and 
Rodgers 
368 125 » |R. Napier .|R. Napier 
200 }20 7 6 ,, |Fairbairn ./Penn 
110 [17 4 6 ,, (Coutts. Milner 
260 |25 7 9 ,, |Tod and Tod and 
M‘Gregor| M‘Gregor 
298 }23 10|12 2iwood| Wilson .|Faweett 
8/15 11} 4 3] iron |Tod and Tod and 
M‘Gregor| M‘Gregor 
212 {22 9 O| , [Ditto . .| Ditto, 
120 |17 6 6 , {Ditchbum (Ma 
380 (29 O}10 O| ,, [Tod and Tod and 
M‘Gregor| M‘Gregor 
90 16 4 3| ,, |Rennie .|Rennie 
176 120 » |Vernon .\Fawoett 
90 15 » |Ditchburn .j/Penn 
180 5 Ol ird . orrester 
120 116 “8| 5 6)wood Seaward 
800 84 0/18 0| ,, |Symonds .|Mandalay 
300 » {Pitcher .|\Ditto 
100 |17 0} 6 @liron|Fairbairn ./Fairbairn 
96 {17 » {lod and Tod and 
M‘Gregor; M'‘Gregor 
316 |27 » |Ditto . Ditto 
160 |17 6 9| , |Rebinsons & Robinsons & 
Rus | Rassell 
467 \27 6 wood|Symonds_ .|Rennie 
150 116 0) 4 8} iron Seaward 
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TABLE No, Ill.—Continued. 


fth : 
0 
the Veusel. Machinery, 

















M‘Gregor; M'‘Gregor 
Q|wood|American .|Amerioan 
0| iron |Tod and and 
M‘Gregor| M‘Gregor 
Symonds enn 
and Tod and 
M‘Gregor| M'‘Gregor 
Laird , Forrester 
wood|Symonds_ .jR. Napier 
iron |J. Reid R. Napier 
Olwood|American’ .|American 
J. Scott Scott and 
Sinclair 
Duncan _ ./Csird 
Fletcher  ./Miller 
27 0} 1800 Lang . Maudalay 
6} 1350 Duncan __ ,|Caird 
6} 1350 ” Pitcher .|Maudala: 
6} 345 6| iron |R. Napier ./R. Napier 
0} 655 Ditto Ditto 
6} 306 Fairbairn = .| Fairbairn 
6} 1220 O|wood|J. Edye Penn 
1/18 11/ 760 6 iron |Tod and Tod and 
M‘Gregor| M'‘Gregor 
6/30 6} 1350 iller 
6/18 0} 800 9| iron |Ditchburn .|Boulton and 
Watt 
5} 662 ve Caird 
7| 663 6! iron |R. Napier ./R. Napier 
6} 250 wood] Fletcher Miller 
4110 6) 290 0| iron |Tod and Tod and 
M‘Gregor| M’Gregor 
onds .}Maudslay 
Waterman9.|100 0/15 0} 7 . Napier .|D ais 
190| Whitehaven (182 0/25 Vernon Buttes y and 
0. 
Vernon 


Olwood|Wigram .|Maudalay 


K3 
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TABLE No. IV. 


TABLE OF THE PRINCIPAL DIMENSIONS OF TWENTY-EIGHT 
MERCHANT STEAMERS WITH SCREW PROPELLERS. 









Builders Makers 
of of the 
the Vessel. | Machinery. 










of 
the Vessel. 


Tonnage— 


Builder s old 


Measurement 
Horses 
Power 
Diameter 
of Screw. 
Mean Load— 
Draught 
| Material. 





















Albatross 0 6 iron [Smith and {Smith and 
Rodgor Rodger 
Antelope 100 » |Hodgson 
Apollo 100 | 8 10 » |smith and |Smith and 
Rodger .| Rodger 
$30 15 0'18 Olwood Rennie 
90/8 09 4 ,, |Wynn ADttto 
136 [12 4 tron |Reid & Oo, ./ Thomson 
124 {19 8 » {Smith and [Smith and 
Rodger Rodger 
7 16 | 6 » |Denny 
Bosphorus 180 0/25 0/16 80 10 8 6 ,, {Mare . Meuaslay 
10/ Brit. Queen {190 0/29 0/18 130 » {Venny 
City of Glas-|228 0/34 0/24 380 113 » |Tod and ‘Tred a 
M‘Gregor; M'‘Gregor 
12 20) 7 O10 6 ,, |Denny .|Caird 
14 919 2,9 O| ,, |Smithand |Smith and 
er Rodger 
10 110 6 8 ,, |Penn . Penn 
3l 1000 16 0} ,, |Gt. Western 
Co. . Acraman 
370 |12 wood)At Derry .{At Derry 


6 37 G iron |R. Napier .|R. Napier 
7 wood|Follet & Co. Marshall 
100 j10 9 Oiron Veit .| Thomson 
5 
0 
9 


0 
80 ]10 0 » |Reid & Oo, .jThomson 
100 O19 O| ,, |At Water. {Smith and 
ford Rodgers 
80 8 » |Rennie -|Rennie 
120 112 0/13 Olwood|American .| American 
280 » |jBoucher ./Cownt Roser 


80 iron |Mare . | Maudslay, 
200 1% 614 6 ,, |Grantham 
3818 03 Ol ~, 





ee setae matali manera trey reveetnn 
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TABLE No. V. 


PADDLE WIIEEL STEAMERS IN HER MAJESTY’S NAVY AND 
POST OFFICE SERVICE. 













































bs F g| . 18 
SO) be fo hes 
Z| E % oe £| & jails At 
Name of Maker of |a& a a 33 me r 2 Sos 
Ship. Demgner, Engine. 5 a & Bs ° S ge ECs 
Fi « lasigl o | # lesies 
: Big; = Rif & 18 3 
eg Mi 8 a 
te’ 
an. if, 1 Ibs. /f. 1.) knots 
Acheron .|Sir W. Symonds |Seaward . __.| 722} 300;Side-lever| 49 (4 6 {20 8 
Adder |Oid P.O. Packets| Boulton & Watt | 241) 100)Side-lever| 3094/3  6/Flue 4 \14 ri 
Advice Lang . .  .|Boulton & Watt | 197] 100 Side-lever| 39}/3_ 6/Flue 4 114 7 
Afnean .JLaig . . .|Maudslay .  .| 295) 90 Side-lever) 38 (8 6/Flue 4 114 7 
Alban . cane P : -|Boulton & Watt | 205} 100 Side-lever eae 6 4 |l4 7 
Aiecto .|Sir W. Symonds ;jSeaward . — .| 800} 200,Direct .| 533/4 6'F 5 |28 
ntelo 
cront |Ditchbum ,  .|Penn . . — .| 620) 260 Oscillat. | 64 [4 6/Tubular| 8 [20 
Ardent  .j/Sir W. Symonds |Seaward . — .} 00; 200'Direct = ,| 5323/4 G/Tubular| 6 /2) 
Argus jFincham =. JPenn .. __ .| 975) $08 Oseillat. | 64 (6 O/Tubular| 14 | 
Avon. .Old P.O, Packets|Boulton & Watt | 361 170, Side-lever th G|Tubular| 8 |14 8 
Banshee .jLang,jun. . .|/Penn .  . _ .| 650) 365 Oseillat | 72315 0|/Tubular] 14 (25 12 
Basilish +|Lang . «Miller.  . —.{2000/ 405/Oscillat. | 74 (6 O/Tubular| 10 (24 03 
Bee .  .Sir W. Symonds |Maudslay . 42 10 Side-lever 20 12 O/Tubular| 10 | 9 q 
Birkenhead|Lard . Forrester . — ./1400) 556: Side-lever}] 85 [7 O/Tubular| 6 |80 iy 
Black Eagle|Lang, yun. . «j/Penn . so ~—«,: 540) 261 Osciliat. | 62 [4 6/Tubular; 10 /22 0) 11 
Blazer = ./Sir W. Symonds |Miller . se ~__—.|_-527] 186 Side-lever| 43 (8 G/Tubular| 8 [14 7% 
Bloodhound 
tiron) —. | Napier . _ Napier. . — .| 878} 150 Side-lever| 48 (4 O/Tubular! 10 (18 8 
Bull-dog .|/Sir W. Symonds |Rennie - L124) 500, Direct = .| 82 [5 8/Tubular; 73/26 
Busrar jEdye .  . «jMiller .  «. «| 997] 303Oscillat. | 64 6 U/Tubular| 14 |23 
aradoc 
fron) .JSix W. Symonds |Seaward . | 650] 350 Direct | 75 4 4/Tubular, 12 |26 6) 12 
Centuur ./Sir W. Symonds |Boulton & Watt 1270) 640 Direct —.| 8526 O'Tubular| 8 [27 83 
Cherokee .jSir W. Symonds |Maudoluy . —_.| 750) 200 Side-lever; 54 OFlue .| 4 7 
Colombia .;Lang . . «Boulton & Watt | 36)) 100 Side-lever| 393,38 GFlue .| 4 8 
Comet Jiang .  .  .|Boulton & Watt | 388} 80 Side-lever| 3543 6 Flue .| 4 Se 
Confidance Pane - « ..{Maudslay . — .| 204) 100 Side-lever; 40 i¢ 0|Flue | 4 8 
Cormorant |Sir W. Symonds |Farbaun 11057; 300 Direct = .| 6535 3) Flue q 10 
uckoo Lang, .  » _ «Boulton & Watt | 284) 100 Side-lever| 494/38 6'Tubular} 1 9} 
Cyclops .|Sir W. Symonds |Seaward . — {1195} 320, Direct .} 64 (5 6\Flue .| 5 & 
Dasher .|Sir W. Symonds |Seaward . «| 260] 101|Side-lever| 403/83 6/Tubular| 8 9 
nee 2 Lang . . «|Maudslay . — .| 704) 200Side-lever| 54 5 O/Tubular] 8 8 
evasta~ 
tion . =. Sir W. Symonds |Maudslay . 1068) 42 )!4cylinders| 54 [6 Oj/Tubular) 6 10 
Dover(iron)|Laird . .|Forrester . «| 2241 90/Side-lever| 88 (8 O/Tubular; 8 10 
Dragon ‘Sir W. Symonds {Fairbairn . —_./1206] 560/Direct «| 88 (5 9/Tubular! 8 10 
Driver -{Sir W. Symonds jSeaward . ___.|1056 280, Direct .| 62 [5 3/Tubular| 8 
Echo. .jLang .  .  .|ButterleyCo. —.| 205) 140'Side-lever| 443/46) Flue 5 
Elfin .  .{Lang,jun. .  .{Rennie A -| 11]) 40/Osetllat. | 27 giTubular| 16 ] 
Fearless ./Old P.O. Pachcts|/Boulton & Watt | 165} 76|Side-lever; 354 2|Flue 4 8 
Firebrand .|Sir W. Symonds |Seaward .  ./1190| 410,Direct .| 75 [5 9/Tubular) 8 By: 
Fire-fly .(Lang,jun. . .|Maudslay . — .| 550) 218/Side-lever| 553 O'Tubular| 5 8 
Fire-gueen |Napier .  .|/Napuer - of: BIB 115/Staple —.| 60 3 YiTubular| 8 184 
Funous .j/Fincham . — ./Miller. . _ {1286} Seg'Oscillat, | 72 [7 O/Tubular| 14 
F . Sir W. Symonds {Rigby .  . _—«{ 1124] 515/Darect .] 54 | 9/Tubular| 30 
Garland .|Lang,jun. .  .j/Penn .. e° BOO| 124/Oscillat. | 4944 O|Tubular| 16 
Geyser =. |Sir W. Symonds |Seaward .% .j3060| 278/Direct  .} 62 5 8/Tubular) 8 ‘ 
Gladiator ./Sir W. Symonds |Miller . =. — 1210) 455)Direct «| 79 6|Tubular| 7 
Gorgon _.|Sir W. Symonds |Seaward .  ./1108/ 820|/Direct .| 64 [5 9,Tnbular; 8 
Growler ./Sir W, Symonds |Seaward . — .j1059) 280 Direct .| 62 |5 3/Tubular| 8 
Harpy(iron)|Ditchburn ..|Penn . . ___.| 345) 15uOucillat. | 49 4 O/Tubular) 8 8 
Becate .|Sir W. Symonds {Scott & Sinclair | 817) 240/Side-lever| 60 (5 9/Tubular| 8 
ttecla (Sir W. Symonds |Scott & Sinclair | $17 240 Side-lever GO |5 6/Tubular| 8 
Hermes .|Sir W. Symonds |Maudslay . — .| $30) 2184cylindera| 40314 6 Tubular} § ; 
Hydra —s Sur ‘W. Symonds {Boulton & Watt | 817| 220;Side-lever| 56 [5 O/Tubular; 8 8 
fatlexible [Sir W, Symonds |Faweett . — ./1122| 879|/Direct .| 72 [5 9/Tubular! 14 o° 
(iron) | Napier . _ {Napier - «| 340) 150'Side-lever| 48 4 O/Tubular| 10 8 
anus ‘Lord Dundonald An eneaii . |: 768} 220/Side-lever| 56 [5 O\Tubular| 8 
Jaspar  .|O1d P.O. Packetsl|Fawcett . «| 238 100/Side-lever| 3893/8 6/Flue | 4 7 
Kite . Old P.O. Packets|Fawcett .  .| 800) 160/Side-lever 74 3\Flue .| 4 
Leopard JjFincham . .|Seaward .  .|1485] 660\Direct . 4\Tubular| 14 
Lightumg Lang . . .|Maudslay . «| 296] 100/Side-lever| 40)4 O\Fiue .| 6 {16 





Lizard 


-| 845) 150'Side-lever| 48 





4 


fron) _ | Napier -__.|Napier ‘ 





O|Tubular 10 (38 





eo @ 
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TABLE No. V.— Continued. 












Diameter of 
Cylinder 
Len,,th of Stroke. 





Pressure in Boiler. 


‘Fonn - 
Old Meamuremient. 














 eteeeaes | meee] sontennieeeasscme | —inmmeny| HUES | Shen | eee | Se 
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Loc S Maudsla | ais 6 i ae 
ust aoe onds |Mauds go ote 7 
M lege Ede ee .|Penn 2 Me 7217 0 14 10 
. Jang .  jMaudslay .. 50 (5 10 9 
Medina |Sir W. Symonds |Faweett °  . 64 {6 8 
Medusa ./Sir W. Svmonds |Fawcett . 6 (6 8 
Merlin =e .|Sir W. Symonds |Fawcett .  . 64 [6 8 
Canada .|Ward & Co. 4 | 4 
iton) .|Maudslay 4 13 4 § 
monks p OP O. Packets| Boulton & Watt | 212 4534/8 6 8 
48 4 10 8 
30 [2 ; 4 " 
.{Sir W. Symonds |Rennie . _ .| 650 613/50, 9 
Odin. .'Fincham . , Esubeirn ee g8 5 9 9 
Onyx (iron)}Ditchburn . {Pen “Hig 0 1g 
Otter. . Hig ?: Feckets Boulton & Watt 4434/8 6 Hi 
Edye 91316 
358 6 8 
8034/2 8 
30413 re 8 
531/4 8} 
ta 0 &4 
| 43 (8 14 
bad 6 
46 14 OF iy 
7217 O 10 
Boberts iMaudslay .  . FS 0 8 
Rosamond. Sew Svmonds {Miller , . . .| 6315 0; 9 
Salamand Maudslay .. bing 8 
Rennie a alk 9 
Sir W. Symonds {Maudslay . __,(1224 Hh 
Graham _..___|Boulton & Watt | 343 8 
Sidon. =. {Sir C. ‘Napier |Seaward . . Ler 10 








Sphinx ./Sir W. Symonds. Penn . 
Spiteful . oH W. Symonds |Seott & Sinclair “080 
715 utteriey & Co. 
Sprightl ‘ bid O. Packets|Boulton & Watt | 284 
mboli .jSir W. Symonds |Napier wee 
yx. Sir W. Symonda |Seaward . — .{1057 
Tartarus . teed W. Symonds [Miller . .. 
e ng .  . .|Maudslay .  ,/1850) 8 
er s a a e a * nm a ® . 
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ivid. Lang. .| 852) 160 OHTubular| 16 
Viaen F cir - aymonds Seaward . 11050) 280 ; SiTubular| 8 
oleano Sir W. Symonds (Sea + | 720} 189 Side-lever ne. 5 
Vulture ,/Sir W. Symonds [Fairbairn . — ./1190) 470/Di : ar} 10 /25 0 


Wid Sir W. nds |Seaws: ne 0) Side-lever 
wildtre. ea 
hyr _.|Old P.O. Packets!Boulton & Watt 
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TABLE No. VL 


TABLE OF EXPERIMENTS WITH H. M. SCREW 8TEAM- 
TENDER, ‘‘ DWARF.” 


Barthen in tons, 16342. Nominal horse power, 90, Draught of water, 7 fee 
aft; 5 feet 10 inches forward. Fitted with a common two-threaded screw, 5 fee 
1 inch in diameter, with common pitch. 











































3) B pee] OS le wa-e-an. ba mA 
ele| & |b fe ee lE2 FE 2 | |g Be leesie> (38 | 
ca] fe Bese cbs SEs fs (2a sles ge 28/5755 ae 
BS] 5 |S esi sess sees 8 iS 2\e2 Peres é BPE|ESS 
My Oo |e (RE Ra ose Beal Se oes alo Seles 2135 os 
i an ah ud fut Gee GS gS Rist eete| Reese 8 
S}E| Bi See R828 goslb le |B jes is aszleerisse 
o| = 3 < $2 so ee 1S Sar a ~ § EEE ER Ia g 
- a7je° 262 Agele4 
feet. {ft. in. aq. fl | tons {knots knits {herses | knots. (horses, 
1)80 |2  — }22- 2 28-3:146-2.5 16 1 1-36 |11°53/25°0)8 65) 130-7) 925 | 81-0 | 1°62 
2 a” 2 17°8 20°6 127 ” 1°49 12°05 95°7 8°95 152°5 y+]? ny *} 1°63 
» h 193 BO'1150 4], | Mea [12°26(97 118-941 187-01 9 41 | 8798 | 1-87 
vik 0, | 89. 221660) 4, | 151 (18 09) 30-4 911) 168-3 | 8-95 | 95-1 | 1-78 
510821 Sis183 8181271] 4 1) 1°07 [14-93 |93-4/8-60) 148 7| S82 | 63-5 | 2:33 
Ai os 12 sf 17°8 30123 3] ,, 96 }12 55|30°8) 8°74) 1.681 9°22 | 67-6 | 234 
Noor JL 1S | 89 34915397] 4, | 1:00 14°22) 36-4) 9-05) 154-0 | 9°16 | 62-4 | 2-44 
Al as bb igaslao sO9I261 ,, | OF [12°67/99 38°89) 143-8) 9°21 | 65-9 | 2 57 
919232 Lg veides 366.1142 13 1 117 [14-90] 40-4) 6-86) 1G6L7 | BS | 718 | 225 
10] +5 8° |22°2 34-0106 6] ,, | 1935 |13°90|38-7/8°52) 495 | 872 | 79-4 | 39 
Mtl oy (EAB 8:9 40-2 b25-9] ,, | 1:74 [16°42|44-719°07) 176-9 | 877 |100+5 | 1-48 
ig} ,, (2 17°8 35°7,1118| 4, | 1°74 [14-59 139-5,8 83) 166-4) $71 [1089 | 1°57 
iat 2. 7-8 26-21105-71 “4 2) 1-76 13 79133 9[8-29) 151-9] B43 101 & | 1°49 
4a} ,, (3 § 1222 2641016) ,, | 178 ee 39°5,8 01/139°6| B42 | O54 | 1997 
15} 4, (1 108,133 2601041) 4, | 1°69 ]13°58/417| 7°92) 117-2] 879 | 92-0 | 1-87 
16} 3» |! Bay| 99 2981198) 4, | 1-94 (15 57|46-1/8-88) 147-4] B61 |110-6 | 132 
17} oe (UL 82] BO 2EL1715 16 1 1G |14°58) 46+) 7°85] 1166 | 8-73 | 88-8 | 1°31 
Ia] 5, {L LOS 1138 199 109-6) ,, | 1-A2 |13°39/42-9}7 61) 114 2] 8 55 | 85-4 | 1-84 
19} vs (2 6°72 19.0, 979), | UTS [12-78 ) 41-1) 7-52) 111-5 | 8 48 | B96 | I-28 
90} v \8 Lt 222 185] 94) 4, | 17) 412 45]80°5, 7°52) 108-8) 846 | BB-H | 1-29 
2110 882 102,|22°2 2251162), | 1°99 131°82/30°0/ 8°28) 127°3) 8 94 [1184 | 11? 
991 ,, (L Spall83 2491284) 4, | 1-OL |13°06|36-4/ 8-29} 134-01 8-81 109% | 1-28 
98] 5, 1 1$ | 89 2661375] 4, | 1:99 1140 |28-5]8:61) 138-5} O03 113+) | 127 
2 3 1178 2391931] ,, | 1-94 (12°58 132-9)8-40/ 126-6 | 9-08 1123 | 118 








These experiments werdmade at Woolwich during the months of June, July, 
August, 1845. The following are the dimension of ‘‘ Dwarf,” viz. :— 


ft. in, 
Length between the Perpendiculars ° - 1320 OO 
Breadth extreme . : . . - Ww 6 
Depth in Engine-room ° ‘ * ». 16 g 
Diameter of Cylinders ° : ° . & 4 
Length of Stroke . . . . 2 8 


Nore.—For Tables VI. and VII. see the very valuable Table in the new edition 
of “ Tredgold on the Steam Engine,” Vol. INI, John Weale, 
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TABLE OF SCREW-STEAMERS 
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p 5 7 Se Lrg 6 ree =e a 
QA, & ~ oD ‘< fl ome Olid wr) & 
Name a2s| 58 etc] SEE lB ee gee 33 25 
of — a BUS 5 % z 
the Vessel. Pee 53 5 Ys gpaiges BSS Bs ae 
eo} o8 S23 me S iS 
Mee g* ESR * Paso ins 
ft milf. in ft. in Tons, | H. P | H. P 
1 |Ajax ‘ ° (176 0 |48 63) 22 64 176] 450 
2{Amphion . ; A177 0 {43 2 19 OO} 546 1474; 800] 592 
SijArcher . : -{160 0 (383 1401 372 970 | 200 | 845 
4|Arrogant . é 200 0 45 187} 18 103) 580 1872 | 360! 628 
5|Bee . P : ++ 63 0 112 2 3 5} 28 43 10 
6 /Blenheim é 181 27148 6 | 21 Je 788 1832 | 450; 938 
7\Brick . . 198736 0| 13 9| 373 1074 | 250 
8iConflict . ; -/192 6 134 4; 14 6] 402 1038 | 400] 777 
9 |Daunt) 210 0 139 9 164) 622 1497 | 530] 81) 


ess : 
10 |Ditto, ent 218 1 


at the stern ‘: 1569 » | 1218 


11 Desperate * 1192 6 [84 4 15 9 443 1037 | 400 

12/Dwarf (iron) -  -/130 0 [16 3 - Rr 164} 90 216 
‘Seo 2a 1 9 ‘ 7% 

13 /Encounter “ -1190 0 [33° 2 12 61 3al 953 | 360 | 1 gag 

14\/Erebus . ‘ 1105 0 }28 10 14 828 372 30 

15 |Euphrates . i215 7 140 6 y ‘6 a70 620 oe 

16 |Fairy (iron) . 14a 21 1al{ $55} “go 3l2 | 128 | {35) 

17 [Greenock (iron) 213 0 |37 4%} +J6 UO] 450 1418 | 338 

18 Highflyer . . i. 0/36 4 15 Y 465 1163 | 250 

19/Hogue . . 1184 0 [48 43) 2210] 820 1846 | 450 

20 |Horatio . ‘ 1164 3 140 2 19 14) 537 J090 | 250) 

21 |Megrera (iron) (207 0 1387 10 | 16 0} 487 1895 | 360 | 780 








22 |Minx (iron) . (131 0 203 303 | 100 | 234 







28 | Ditto, horse power 
diminished } ” ” ” a9 93 ” 10 82 
24|Miranda . . ~./196.0 [34 0| 18 6] 374 [1522 | 1osp | 250 
v|Niger . «joa 4 ad 8 1129-783! ye liaaad | 1072] 400 | {big 
26 Phenix .  . {1747 [st 10 {113 73} Sar-litaos | 809 | 260 | { Gp 
27|Plumper . . —-.|140 0 |27 6 |{19 14 | 204 a90| 60 | {338 
28 (Rattler . . «(1796 oz ey{ih 3) oe ass | 200 | { 428 
29|Reynard .  . — ./147 8 127 10 |{3 1" pee 516 | 60 | {188 
30|Rifleman. . 150026 7|{ 9 2) 38 ave | 200 | {See 
81 |Ditto, horse power 9 33) 175 Ise 
diminished} | » |» |{x0 241 199 > | 100 | 2 190 
82\Saneparell . " (2006 (52 1 | 22 9| 920 2834 | 350 | 408 
38 |Sharpshooter (iron) [150 0 {26 73/{ 9 34) 192 489 | 200 | {39° 
84|Simoom (iron) 246.0 [41 0| 17 0| 567 1980 | 250 
85 (Teazer (iron) j190 0 [21 9] 9 3 | 829 296 | 100 
» nOree Hower 
diminished : } 9 » ” sh] os 40 128 


37 {Termagant . 1230 } 1547 | 620 | 1851 
88 | Vulean (iron) . 1220 0 1764 | 850 | 798 
39 | Warp P ; 4180 0 133 10 14 395 |1337 970 | 3100 


N. B.—The Experiments made on each Vessel are continued, and 


No. VII. . 


IN HER MAJESTY’S NAVY. 
Vessel. 





Remarks, 
and state of the Vessel 
at her trial trip. 


















..Not rigged, but ballasted. 

| Rigged and full eq nipped for sea. 
: iN a i ged, but ballasted. 

: and fully equipped. 


sn alseo with paddies, speed 
7°501 Knots, 


{ d 74 .| Rigged ae pamally equipped. 
1851 |Woolwich Dockyard Not complete 





9°289 1848 Rigged and Ba rtially equip a 
7366 1348 iFincham . . .jJury rigged, allasted tot 
10°293 1850 Shot ar ies - stern, rigged aad fully 


10°537 1843 (Rennie 


10264)! 194g |Fincham . . __ .|Not rigged, but ballasted to trim. 


9 375 
esti- 
mated 1845 |Old28. . «.  .|Rigged and fully equipped. 
at3 5 
1881 |Deptford Dockyard .|Not oe ial 


igg and a y equippe 
.| Not completed. ane, 


1S324}| 1845 |Ditchburn —- 


notcom-/Scott and Sinclair 


rnleto 
; ” py oornee Dockyard |Not completed. 
by log 7°5 ea Old 7 : «Rigged and fully equipped. 


ie Not completed. 
9°75 1850 = |Fairbairn Not rigved, but ballasted to trim. 


9°137 1848 Symonds . ._ .(Ditto 
4°515 1849 Ditto. 
secs Sheerness Dona Not completed. 
plete 
a it 1849 jLang . ; ‘ .|Rigged and fully equipped. 
7° i ici Seppings . . { Rug i aa but ballasted. 
8°t4 
. ; Rigged and partially equi 
A aor 1848 |Fincham . { Rigged and fully eyuippe or a 
10°074 1844 ds Not rigged, but ballasted. 
ike ene Symon ° : { Kigged am and Baht, equipped for sea. 
7 fas 1849} Symonds e Rigge fe) pale “equipped. 
3:'096 ; Before stern made finer, crigg. &b S&S ball 
g-ayg s; 1847 |Fincham . - { Subsequently to ditto 
aie 1848 * Horse power diminished. 
iti Wot ingea. bat baliasted. 
9'782 yee Huse ot rigged, but bailas 
gay S| 18474)" as Rideman } Rigged and partially equipped. 


Not ee Ge Troop ship. 

‘ ne 7a Before stern made finer 
Subsequently to do. 

: Rinwed and equipped tor sea. 

‘ ‘ Not rigged, but ballasted. 

sabe og AB] Deptford Dockyard _.'Not comy ot completed. 


ee me ET REED Ee I one 


eorrespond orrespond throughout the three Tables of Screw Steamers in H. M. Navy. 
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TABLE No. 
TABLE OF SCREW STEAMER! 


2.—Proneller, ana 














Tonnage Revolutions, 
Builder 8 richie —— zion af Tae 
Name of the Vessel. | old Mea- | Power, | ter o 0 nten-| Aot 
= surement, ;{Nominal] Screw. |Screw: Screw: ded. jat Trial. 
“Tous. | H P. | %. in. |ft.in.| fin. | No. | No. 
WAjex . 2. 161 450. | 16 ONT VI 2145 | 48 
HAmphion . P |) (1474 300 15 0/21 0] 2 6 48 45 
slArcher  . «. .| 9% | 900 | 9 017 9) 1 4 | Ma | 1084 
4jArrogant .  . = .| 1872 360 18 6115 0; 2 6 | 60 | S55 
Di Bee F : ‘ A 43 10 31/8 9 240 
Blenheim . é | 1842 450 16 0/20 O| 8 4 45 43 
WBriek . ‘ ‘ | 1074 250 90 
8|Conflict » «a 1088 400 13 6|16 6] 3 75 68 
: 4 oa esi . F 1497 550 14 gilg8 0; 3 0 7 55:3 
Do. lengthene and F 
stern altered 1599 ig me ba ps mm 68 28 
11/Desperate . é : 1037 400 13 O0j14 0} 2 4 | 87-28 
12/Dwarf . ‘ ‘ j 164 90 5 8'8 0] 1 O | 180 182°8 
\SEneounter. . | 953 | 360 | 12 0j15 0] 2 6 | so |{ 7S 
14iBrebus ° ° 7 372 30 70 
iSiKuphrates .  . 620 alecpltacs Pa 
WWiGreenock . a (1418 338 14 O113 0] 2 2 98 
\8iHighfiyer . . = -:1183 250 85 
19| Hogue - » «| 1846 480 160 |20 0; 3 4 45 50 
20| Horatio . «| 1080 BY 55 
zt Megere » «1895 55 
22 303 100 4 5 01 1 0 | 220] 254 
2/Miranda . . 1039 250 T72 
%iNiger . « «St 1078 400 | 12 6jI7 0} 210 | % 143 
aeiphomix . . | 809 | 260 I{ii aig gl i 7h] % |fSQ 
Rr 115 
udiRattler . . «| 888 | 200 | 10 O11 of 1 3 | 100 ae 
8 9/8 0; 1 4 106° 
20\Reynard . «. .| 516 6 I{bari9 3/1 ah} 220 as 
Rifemen . . | 486 | 200 | 8 0/9 01 1 6 | 144 |{1Ib 
M\Do.H.P, diminishea | ,, | 100 [{ 89/3 0] 1 Gy! aag [fine 
S8iSanspareil . . «| 2834 350 sp egal Gace 55 ‘an 
'$4|Simoom » e+ 1980 350 55 
36\Do. H. P. diminished . - 40 . 4 : 0 : : id 
i 0 
Termagant ry ° * 1547 620 15 6117 Qk 2 of 70 {a3 
Was ‘ é 1764 350 14 0(16 6; 2 9 65 66°5 
P 970 100 131 
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Pan 


IN HER MAJESTY’S NAVY. 


Proportional Numbers. 






Ratio of 


Veasel’s (Screws |Immersed| Nominal |ludicated 
Rate of} Rate of} lengthto|itch to|® Section} H. Power |H, Power 
Screw.| Ship. |Slip ofthe Screw.|bresdth.| Diame- /to Screw’s} to @ Sev-/to ® Sec 

















ter disc. tion. tion. 
Knots. | Knots. | Knots. | p. Cent. 
B:482 147 1335 | 15°74 4°01 O56 1°05 
*32) 6°75 2571 | 27°58 3°09 0 53 1:08 
8203 | 7818 | 0475 | 573 584 054 0°93 
nega- | nega- 
821i | 8295 { tive | tive } 8°07 0°62 1:07 
0084 1°02 
8877 | 6822 | 2055 | 23°15 3°76 0°35 
8° 183 5°816 2667 | 3174 3°67 0 61 1°37 
11 067 | 9289 | 1°778 | 16:06 2°81 0:99 1-93 
9°818 7°366 2°452 | 24°97 39 111 1°55 
12°123 | 10°298 | 1:38 | 15°09 ” ” 2°33 
14427 | 10537 | 389 | 26°96 174 2°04 4-91 
11 541 | 10°254 Bo% | 1115 2°81 11s 211 
10°658 | 9875 | 1278 | 11°99 3-01 1:06 189 
20 359 | 13-324 70385 | 3455 3°2 1:79 5:08 
1736 11891 5469 | 31°5 2°74 1°56 3°91 
geod | {PYG 2-364 | 23:96 408 | 0°55 
12583 | 9°37 3°396 | 27 09 515 1°22 2°86 
§°062 4515 0347 | 108 4°17 0°12 0°33 
11°537 9°494 2043 | 17°7 1a 0:99 2°05 
12°46% | 310 427 2°046 | 16°33 3 19 1:02 2 44 
8-496 7106 1°39 16°56 3°16 0°75 Vl 
9°153 B74 0413 4°5] 2°97 O° 1°49 
nega- jpega- 
6°333 | 7-418 tive | tive 3-3 0-29 0°72 
6 168 6497 1u85 117 13 3°78 0-25 0°62 
0829 | 533 
112 10:074 1 21 10°72 3°49 073 1:36 
1}°709 9 639 2°07 17 67 4:2 06 1°32 
8°59 8'258 6°352 4:09 3°06 0°32 0°39 
8'009 13 0-709 Bk5 3°55 0°27 069 
10-536 8096 1-49 23°52 3°44 115 { 2°01 
11°452 9°499 1953 | 1705 2°12 
9°765 801) 1754 | 1706 348 0°57 1°07 
8-766 | 7977 | O%9 | 9 } $12 0° 6°95 
12-49 9:782 2708 | 21°68 8°81 104 212 
11°032 | 9-189 1°863 | 16°85 308 1°02 1°86 
11-507 |} 6-915 | 5192 | 45°12 $21 13 2°41 
13° ThBS | F573 | 42-05 4°23 0°48 154 
11718 9°16 2°52 | 2177 Q°74 1°9 2°4 
12°39} 951 2881 | 23°25 311 1:65 23 
10823 | 9605 | 1°218 | 11°25 8°02 075 17 
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TABLE OF SCREW STEAMERS IN HER MAJESTY'S NAV' 



































3.—-Engines. 
S| Jig , 
35 f S8ige i 
fe 
Name | Manufactu- Deacripsion a3 at- tte 3B Sg 
of rers of the } Ba Be Bigs © 
the Vessel,| Machinery. | Engines. | B #3 aslan ae 
A 2 32 So o> 
£8 a 
Cyls.} inches : % | % | InJe Pla P 
Ajax — { Maudslay ©} rorizontal 4) 55 48 12-24! 6 | 244) 450] 846 Direct. 
glamphion { /Miller& Yipitto . .2| 48 } 15 | 10 | 25 | 800! soa}, 
BiArcher .|Ditto . .|Ditto . .2| 46 [3 048 |se-1¢\15°8 | 10 | 26 S45|3to 1 
arrogant .|Penn.& Son {| Horizont} 10-241 1g giao [56-3 las | 6 | 27 | 800] e2BDireet. 


48 
43 [14°13) 10 | 27 988/ Direct. 


Maudslay & 

Bee | {iy ©} iBeam . .1| 2 [2 a).. 
5 Blenheim cane & } Horirontal 4 | 52 0145 
t, Sin-?{,; 
| Brisk { Scott, Sin- } IDitto . .2] 52 


giContict {/Searard® iinitto . .4] 46 68 {14°19} 16 | 25 | 400] 777\Direct. 
9\Dauntless .|Rob. Napier Ditto . .2| 248 12° 


10, Do. length- 
end &stern| + Ditto . jDitto . .2 “3 
altercd 


ll Desper- { Mandalay &} Ditto . .4| 55 


” 





12 Dwarf IC. J. Rennie .|Vertical . 2 40 $5°5 {15 8 21G15°15 to 1 
18/Encounter [Penn & Son { |fotizent-}o (—PA} ig 380 78 [agai] .. | 26 | 960) 672|Direct. 
IdErebys {|Maudslay& jLocom. yal. wey ea ee s 
aie? aaa seaward © } Horizontal 4| 62 5 2 tol 
1€ | Fairy 7 6 Penn & Son ./Vert.Oscil. 2} 42 14 ; 3645 to 1 
17\Greenock ‘eur ete) Horizontal2 | 71 .. (2°38 tol 
a au » 
18| Hightyer { /MAuG"ey® | ipitto . 62) 58 .. 27 tol 
WiHogue {/Scanard & hinitto . 64) lg 204 Direct. 
O\Horatio . Ditto » Ditto . .2 54 - 2 tol 
21; Megeera 1G. ae Rennic Ditto . .4 403 me me ee . |Direct. 
ler e 
Ming { "Ravenhill }|VertOncil. 2 | 34 63°5 |12°19| 10 | 26 | 100} 2834/4 to 1 
“{dumthished| Capel horwont.}2 | 140 39 | 60 $2 Direct 
24| Miranda .jRob. Napier .|Horizontal 2 | 56 ; os » (2°43 tol 
25| Niger { Maudalay & } Ditto . .4| 478 743 {15-031 8 | 243| 4001 919\Direct. 
26} Phoenix con ie eon .|Vert.Oscil. 2 | 62 24 (12°37; 6 | 263 48014 to 1 
Miller = . 
27 el eves { Ravenkin }|Ditto . .2| 27 46 [28-2 | 14 | 264} 60} 1482°5 tol 
wiRattler { Maudsley ®} vertical .4| 403 26 13-491 5 | .. 428/¢ to 1 
70) Reynard aie np ne Horizontal 2} 28 Had [20°27] 14 | .. 1653/2 to 1 
er . 
at xi tenoss {PRaventi }{Ditto . .2| 46 43 |14-12) 10 | 254] 200] 368)8 to 1 
bie ed } Ditto .  |Vert.Oncil.2 | 34 44 |14°12| 10 | 268] 100) 188)2°5 to. 
mega {oon Berson Vg) ad fe r .. [Direct. 
eee ein }|Horizontal 2 | 46 46°9 |14°4 | 10 | 26 4088 to 
Boulton & fae 
’ Simoom Watt Oacil 3 }4 44 ee nes e ee Direct. 
- hie { gtpeadiray } Vert.Oscil.2| %& 50 1116} 10]. 175;4 to 1 
bitte, HP ;|}Penn&Son|Ditto , .2| 27 B1‘B |14'35| 9 | 265) 40] 128)8°78 to 1 
ee A cece | ortaontal @ 36°5 |14°45| 14 | 27 | @20/1851/8 to 1 
. ie |G-&J-Rennie|Ditto . 4) 44 Go's |12°78| g | 27 | 850] 798/Direct. 
wm Was {Mi ee } Vert. .Oscil, 2 uM ae . ae ry oe 


TABLE No. VIII. 
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Cost per Horse, exclusive HOSE” S'S “Smad Sneeaaé 
f Gear, A 
a on BPO catumate, Vie sugee 8 @ $9e5 3 22s BBS 
~~~Coat per Horse MBS AS Seow Hy a 
ie & ee Ta 
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1.--SHOWING THE ECONOMIC VALUES OF DIFFERENT COALS, 





































Tr Py ) q g Ks 
» ; ‘ 
o% >? is aa 2 
Ered a dy (Fy ley (stata fy 
=| oo as ete 2 : 
Names ofthe S| 8 23 32 al gluse 63/B 3% 
Coals Bae oF 28 S24 geagcs Bele Baca 
experimented (82%) og | Go Soe $2 5% SSeS 
- upon, oe az o® = OBS be ole 3 ic. ° gE 
a5 3 aa [33 | SEMEGEISS iO E! 
Pez os |2e (Se e lsegipesige (get 
eos) ra Pa as a Sesleesie F: 
Pt: i ESP 
8 aj}; ® Ss) 
WELSH COALS. A B Cc. D. F, a. H. 
yrs ee ~ + «| 9°85 160°166181:107 ‘23 | 40°3 | 9°66 |581'20 /441°43 
An te (Joner & 

Co.) . . | 9°46 158-25 185-786] -679 147 26 (88°45 | 68.5 | O7 : "37 
Oldcastle Fiery Vein} 8-94 (50:916/80-42 | -633 [57-946 143-99 | 57-7 | .. |456°18/404.90 
Ward's Fiery Vein | 9:40 [57°433/83-85 | -685 [46-0 (390 | 466 1106 |608-78 529-00 

nea Coal. -| 8°94 (67°08 [81:357/ -702 |42 63 (89°24 | 61:2 | 10°38 "92 1486°A5 
Liangennech . ./| 8°86 (6693 [81:85 | -605 [43-76 199°34 | 53°5 | 42 “22 
Pentrepoth . «| 8°72 |57°72 91°73 | -705 |40°17 188-80 | 46°65 | 9-98 1°40 
Pentrefellin -| 636 (66°166/84:726| -781 128 051/33 8 | 627 | 7:4 “2A 

yn . P - | 10°14 [53°22 j82-72 | -643 42°09 | 56°2 | 11-80 12 |400°32 
Mynydd Newydd .| 9°52 (56°38 |81°73 | -e89 145 09 89°76 | 53°7 | 10°50 6 1470°6) 
ree-quatter Rock wise pases . 
nh e ‘ : 83'60 674 48 26 9 72 52° ee 
Cwm Frood Rock 

Vein. 8°70 |55°277 |78°298| +706 |41:648 40°62 | 72°5 | 935 “Bn 
Cwm Nanty-gros 8 42 (56-0 |79-859| -701 142-60 [100 | 557 | 8:82 ‘18 
Resolven . 9°53 |68°66 |82'354/ -718 140 39 [88°19 | 350 | 10 44 "25 
Pontypool 7°47 |55°7 (82°35 : '216| 57°5 | 8°04 “40 

was . e «| 9°79 150°5 (826 611 |63°565 44°32 | 54°0 | 9°99 96 
Ebbw Vale . 10°21 /63°3 (78-81 s 42°26 | 45°0 | 10°64 22 
Porthmawr 763 153-0 186 722 02 | 600 | 7°76 “44 
Coleshill . ; -| 8°00 (53°0 [80 483 42°26 | 62°0 | 8°34 “4 
Thomas’s Merthyr . | 10°16 (53-0 92 29 42°26 | 66°5 | 10°72 SS 
Nixon’s Merthyr .j} 996 /51°7 js2-29 43°32 | 64°5 | 10°70 161493 1611-4 
Hill’s Plymout 

ork »| 9°76 |51'2 (84°78 43°74 | 640 | 10°18 |699°20/581°6 
Aberdare ©o.’s 

erthyr , -| 9°73 140°3 (81-73 45°43 | 745 | 10'27 |479°68 |480°5 
Gadley nine-feet 

am. ° 9.56 (54:8 (83-16 4°87 | 76°0 | 10°46 [523-88 1517°3 

eath Ab ° 9°88 (593 (83°57 87°77 | 60°0 | 9°65 m | 
Gadley four-feet 

Seam . * 9°29 151'6 = |R2°79 43°41 | 68.6 {10°78 ‘0 
Liynvi . «| 9°19 |53°3 180 36 az02 | .. | 9°58 99°5 
Rock Vawz . -] 7°68 55°0 [80-21 40°72 | 66°65 | 7°88 67°5 

LANCASHIRE ; 

COALS. 
Blackley Hurst °| 881 1-0 (rego | “oo8 Sage (EAS | 289 | 8.08 leon bat 
u . . : 608 |64'3 5 ‘ : 
Blackbrook Little 
Rushy Park Diino || 8-08 1470 (gods | “C07 RBS BBE | ELE | 8.60 ass ro ledons 
mushy sar 6. d : : 587 {7031 [47°65 ‘0 : 
Blackbrook Rushy 

Park . ‘ -| 802 (55°6 (80°15 | -689 [44°93 [40°50 | 805 | 8-28 144850 |481°2 

poms pelt dah 

ton’s Rushy Park | 8°01 /50°0 [90-10 | -624 /€0.20 [44:90 | 69°0 | 8°16 }400:B0 l4B4°5 
Laffak ong Park | 7-98 /52°6 (84-07 | -626 159-82 [49°85 | 78-5 | 8°16 1419-74 1498°0 

carres Haigh 

Yard .  . «| 780/508 (80°10 | -684 157-37 [4419 | 80-0 | 8-28 1401°32 08'S 

annel (Wigan) | 7701483 1/7680 | -628 (50:00 [46.87 | 98-3 | 8:06 [971-91 (961-1 
Balcarras Lindsay. |, 7-44|51-1 (78-61 | -650 153-83 [43°83 | 70-0 | 7-68 Su0-2814B1'6 


Names of the 
Coals 
experimented 
upon. 





LANCASHIRE 
COALS. 


Balcarras five-feet . 
Johnson& Wirthing- 
ton’s, Sir John . 


NEWCASTLE 
COALS. 


Andrew’s House 
(TanfleMl) . 

Neweaatle Hartley 

Hedley’s Hartley . 

Bute’s West Hartley 

Buddle'a West 
Hart] 


ey. . 
Haating’s Hartley . 
Carr's y 


IY IIT geroe 
$8 28 £283 


Steamboat W all’s- 
end . . 
Derwentwater's 
€ e . 
Original Hartley : 
Cowpen & Sidney 
Itartley .. 
Lydney, Forest of 
ar Derbyshire 
eenee 4 FOP DVS 
Sliev ml a h 
evar 8 
Anthracite). . 


sea 3 88 6 


Co NNO Oo ay 3 


mi 
fe 3) 
or 


SCORCH COALB. 


DalkeithJewelSeam 
series oa 

nation Seam sis 
Wallsend Eigin 
poe ett ‘ 
Grangemouth.  . 
|Weliewood 2 
Eglinton 


mnceptiun Bay, 
i la 
PATENT FUELS. 
Warlich's Paten 

Foel ., : ‘ 
Lyon's ¥ tent Fudl 
Bate eee 


SessRa5 8 






Om STAIN 4 
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TABLE No. XII. condinyed. 
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Bega es (a dg jehelbaiee [ts 
he S =a ba g San § 
g* r) is = ne a & 33 2 - (a F 
a3 Aa ad » {ome Pe fe a My 8 F} 
y a Ogildedig leds Fee sl, - aise 
53 aé 83% pacleee e's es ene Ht 
a a ‘33 9 ae g & gion =) 
a8 a S. He og (Seaisgeles |ses 
doles loa |e ceet Sie 3 5 
Pe \PGig2 lef [Be i g bEgite gee 
° 3 § be cs 2 a mean, 
Bic | D | E KF. |} Gg. | H. 
49°0 | 70°11 | 619 | 61:44) 45°71 | 446 
616 | 81°73 | -681 | &S'39 | 43°13 | 92:0 
62'1 | 78:86 | -360 | 51°36 | 42°00; .. 9:80 |489°2) ‘2 
§0°B | 80271 -620 | 6805 | 44°85 |°78°5 | 8 68 (416-61 [S08 0 
52-0 | 81-78 | -635 | 67°28 | 43°07 | 85°56 | 8 71 |424 62 8 
50°8 17817) -640 | 53 87 | 44:13 | 69°5 | 8°26 |408°43 8 
50°6 | 77°11 | -656 | 52°39 | 40 08 | 80-0 | 8°01 [3n-eo 8 
485 |7804| -621 | 6090) 46:18} 75°5 | 7°98 197684 4046 
47°8 | 78:23) -611 | 63°66 | 46°86 | 77°5 | 8:18 |868'53 S443 
47°7 | 78361 -608 | 6427 | 46°06 | 76:5 | 7°83 |362:99 9 
49'1 | 7829) +627 | 56.45 | 45°62] 600] 7°72 1871-68 428-5 
49°5 | 70°36 | -623 | 60°32 | 46°25) 795 
60'4 17879) -689 | 5632 | 44°44) 68 5 
49'1 | 77°98 | 629 | 58 81) 45°62} 80°0 
47°9 | 78°67 ‘608 | 64°28 | 46°76 | 74:0 
544 | 8004! -680 | 47°02 | 41°14) 55-0 
| A 79:79 | 626 | 52°90} 44°88 | 88°5 
§& | 70791 -673 | 45 55 | 42°67 | 65-7 
€2°8 | 99°57} °630 | 58°55 | 85°66) 740 
49°8 | 70°67 | °685 | 5°98 | 40°98 | 85°7 
8 
51°6 | 786)! °657 | 52:17 | 48°16} 88:2 
546 | 78°61! +694 | 43°78 | 41:02 | 640 
56°0 | 78:61 -690 | 42°92 | 40 92 | 68°0 
64°25 | 80°48 | °674 | 48°35 | 4083 | 69°7 
82°6 | 79°78 | *659 | 63°57 | 42°58 | 800 
620 17984) ‘651 | 51°48 | 43°07 | 705 
oe 80'54 ee ° ee es 
69-05 | 72°25 | 985 | 4:40) 32-44; .. 
€1°1 74°78 ‘817 92:30 36°68 oe 
65:08 68°63 | “B48 545 pepe ee 
65'3 | 7112 O18 | 8-81] 94 7. 





2 — SHOWING THE COMPOSITION OF AVERAGE 


Locality 
or 
Name of Coal. 


WELSH COALS. 
reigola . 6 
Ariaracit . ‘ 

e Fiery vein. 

Ward's Fiery vein : 

Bineacoal . . 

Eienpennecs o  % 

Pentrefelln aG os 

n a e » 

M d Newydd ; 

Ticcoruatecivockvetr 


Cwm Frood Rock vein . 
Cwm Nanty-Gros ; 


Reaolven es 6. “36 
Pontypool . . 
Ebbw Vale _, : 
Porthmawr Rock vein 
Coleshill 


Thomas’s Merthyr 
‘Nixon’s Merthyr. —. 
Till’s, Plymouth Works 
Aberdare Co.’s Merthyr 
Gadley nine-feet seam . 
Neath Abbey eee 
Gadley Four-feet seam . 
Liynvi »« 6 el 
Rock Vawz .  . 
LANCASHIRE 
COALS. 


Balearras Arley ,  . 
Blackley Hurst. . 
Blackbrook Little Delf. 
Rushy Park Mine ‘ 
Bleck Rushy Park 


- 


Bal ‘ 
Cannel (Wigan) . . 
Balcarras Lindsay . 
Balcarras Five-feet . 
Johnaon and Wirthing- 
ton’s (Sir John) ‘ 
NEWCASTLE 
COALS 


Andrew's House 
nfleld 





APPENDIX, 
TABLE No. XI1.—~econtinued, 


SAMPLES OF THE COALS. 




















Specific 
gravity Hydro- | Nitro- 

ot jCarbon, gen. | gen. [Sulphr./Oxygen 
Coals. 

A. B. Cc. D. E. F e 


1°80 84°87 | 3°84 0°41 O45 | 719 


1375 | 91°44 | 8°46 O'21 0'73 2°58 
1269 | 87°68 } 4°89 1°31 0°08 oe 
nelu- 
1344 | 87°87 | 3°98 2°02 0°83 ace 
ash. 
1'304 | SR'66 | 4°63 1°43 0°33 1°03 
L812 | 85°46 | 420 10 0:29 44 
131 88°72 | 4°30 018 8°24 
1368 | 85°52 | 8°72 | Trace | 0°12 *BS 
1°826 | 88°26 466 1°45 1°97 0°60 
1°31 &'71 | 65°76 1°56 1°21 32 
1°34 7515 | 498 107 2°85 3-04 
1°255 | $2 584 at 1°22 58 
1:3 73°36 | 6°59 ) 301 5:58 
inclu- 
1'32 79°33 4°75 1°38 5°07 {ded m 
ash. 
1°S2 8070 | 566 1°35 2°99 4'38 
LR 80°61 | 6 OL 1°44 3°50 1°50 
3275 | 89°78 | bh 2°16 1-02 0°39 
1:39 74°70 | 4°79 1°28 0 91 8°60 
1:20 [3BA | 64 1°47 2°44 8°29 
1°30 90°12 433 1°00 0°85 2°02 
1'31 tl 4°12 0°68 1°20 2°58 
1°35 88°4 4°00 0 46 0°84 8°82 
1°31 88°23 | 4°24 1°66 0‘91 1°65 
1°38 86°18 | 4°81 1°09 0°87 2°21 
131 89°04 5°05 1°07 1:60 
1°32 88°56 | 4°79 0°88 1°21 
1 871% | 5°06 0°86 1°98 2°53 
1°29 77°98 | 4°30 0°57 0°96 8°55 
1°26 | 88°54 | 5-24 | OB | 2°05 | 5°87 
1°36 82°01 | 5°55 1°68 1°48 5° 
1°26 | 82°70 | 655 | 148 | 1:07 | 489 
12 7776 | 5°23 1-82 1°01 8 99 
1°27 81°16 | 5°99 135 «| @-62 7 
3:28 79°50 | 5:15 1°21 2°71 O° 
1°35 80'47 5°72 1°27 1°39 8°38 
1:28 | 82°26 | 5°47 1°25 1°48 | 5°64 
1°23 798 | 6:08 1°18 1°43 7° 
1°26 83°90 | 5°66 1°40 151 5°53 
1% 74°21 | 5:03 0°77 209 8°69 
131 =| 72°86 | 4:96 (© 1°07 | 164 | 815 
1° 85°58 | 8S) 1°36 5 | 4°39 
1°29 81°81 | 5°50 13 le 258 
1°31 80°96 | 5°28 118 1°78 2°40 
1°25 80°31 | 5°28 1°52 165 65) 
i 80°75 | 5:04 1°46 1°04 6 
25 82° 42 1°62 135 644 
Va 70°88 | 511 117 0:82 7 
1°25 83°38 | &'8t 17a 1°38 250 
1°25 80°08 | 5°06 "08 0°78 9°91 
Ve | at | em | bee | hae bape 
1-33 oe: 5° 0°73 144 8°08 
1 {| Mo! bw 1a Ovi bce’) 
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jas 


Sse I= 
BSH HIS 


S889 
B85 


gues 
SESS 


S3 E8E58 
BE SRELS 


§ 38s 
& S€88 
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TABLE No, XII.—continued. 
ali plac Hydro-| Nitro Peo a 
ee : rae Carbon. gen. gen. Sulphr.|Oxygea} Ash. yopinerl 


Name of Coal. Coal. 




















NEWCASTLE 
COALS. 


Park End jeroyahie) 


73°52 | 569 | 204 227 | &48 (10°00! 57-80 
Stare taveley (Derbyshi 4°34 


133 | w72 | 1096 | 940! BrRg 
* melu. 
ardagh, Irish An- 90°08 | 330 | O28 on dedin } 10°80! 90° 
gL cacatm aa, e e ash - 
SCOTCH COALS. 


Dalkeith Jewel Seam . 
Dalkeith Coronation 


Seam 4 ‘ 7694} 5°20 | Trace} @38 14°37 | 3°10} sesO 
Wallsend Bigin e. 76°09 | 6°22 141 153 5°06 | 10°70) 5a. 
Fordel Splin 7 ; 7758 ; 5°50 1°13 1°46 S33 | 4°00) 52°08 
Grangemouth _ ‘ 85 | 5°28 1°35 1°42 8°58 | 3°63] 56°40 
Wellewood . . Wi 81'36 | 628 1°58 1°57 6°37 |} 2801 59°25 
Eglinton :. * P 650 1°65 1°38 8°05 | 2°44) 64°94 


FOREIGN COALS. * 





Formosa island . 7e | 5°70 o't4 0°49 10°95 | 398 
Borneo (La * Labuan kind) » 64°52 6°74 0°80 45 M75 "74 
eee feet seam stir &4°31 5a 0°98 l‘i4 4°22 | 14°32 
1-feet seam 7035 5°41 0°67 117 19 | Bz 
ee Bay, Chill 70°55 5°76 O95 1:98 18°24 | 7°52) ase 
vdn gN . Wales 82°39 | 532 |} 1-28 | O70 | 82] B08 
Port Fam ine ‘ 18 5°38 0°50 1:03 22°75 | 6°21 
Chinque . , SH95 | 4°01 | O58 | G14 | 18°38 | 86°9) 
Laredo Bay . . 58°67 | 5°53 | O72 | 1°14 | 17°33 | 16°68 
Sandy Bay, Patagonia, 
No. 1. 62°25 5°05 0°63 113 17°34 | 13°40 
Titto ditto, No. 2 59°68 568 0°64 0°96 17°48 | 15°04 
Taleahnano Bay . ss, WO'71 } 6°44 1°08 uae 6% | 692 
Vancouver’s Island . 66°98 | 6°82 1°02 2° 8°70 | 15°88 
Coleurra Bay, Chih. 78°30 | 5°50 1d 1°08 837 | 5°68 
PATENT FUELS. 
inclu- 
Warhich’s Patent Fuel. 90°02 5°56 | Trace | 1°62 ates 232; 810 
’ as a 
wont ditte ditto . 4 86°36 4°56 1-06 1:29 207 4°66 
ylam’s ditto ditto. 79°91 | 5°69 1°68 l’ 6°68 4°84! 65°80 
Well’s ditto ditto . 87°88 5°22 081 0°71 43 4°96) 71°70 


3.~-8HOWING THE AMOUNT OF VARIOUS SUBSTANCES PRO- 
DUCED BY THE DESTRUCTIVE DISTILLATION OF CERTAIN 
COALS. 


Leetien selena oe 















Water.) Ammo-|Carbon. Hyde 


Name of the Coal. |Coke.| Tar. 
mia. | Acid. | gen. 












Graigola »| 85°50 | 1°20 
Anthraci ‘ 
ee te, from J Jones, 92°90 | none 


a doaat e Fler rein | 79°80 5-86 


nea Coal. =. | ie 208 
mech 8B 68 | 1°23 





0°17 
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TABLE No. XIII. 


TABLE OF THE TEMPERATURES AND RELATIVE VOLUMES 
OF STEAM OF DIFFERENT DENSITIES. 


h 










Pressnre | Correspond- Presaure | Correspond- 
in pounds| ig tempera- S beaetae of in poundal ing tempera- wees 











atm | ete | Se Sten Peo | the Blam, 
degrees, volume. Ih degrecs. volume. 


1029 | 20868 | 31 | 2336 | 857 
1261 | 10874 | 32 | 2555 | 933 
1460 | 7437 | 33 | 2573 | 810 
1593 | 5685 | a4 | 2509 788 
1614 | 4617 | 35 | 2609 | 767 
1693 | 3807 | 36 | 2696 | 748 
1759 | 9376 | 87 | 2643 | 729 
1820 | 9988 | 38 | 2659 | 719 
1874 | 2674 | 39 | 29675 | 695 
1924 | 2496 | 40 | 2691 | 679 
1970 | 9921 | 41 | 2706 | 664 
2013 | 2050 | 42 | 9727 649 
43 | 9736 | 635 

44 | 2750 | 622 

2128 | 1669 | 45 | 2764 | 610 
: 46 | 2778 | 698 

47 | 2792 | 6586 

48 | 9805 | 575 

256 | 1343 | 49 | 9819 | 664 
9986 | 1281 | 50 | 9832 | 554 
9312 | 1925 | 51L | OR4e | B44 
9338 | 1174 | 52 | ORB7 | 6584 
9363 | 1197 | 63 | 2869 | 625 
2387 | 1084 | 54 | 2881 | 6516 
55 | 62893 | 608 
2433 | 1007 | &6 | 2905 | 60 
245'5 973 | 57 | 2017 | 499 
947°6 941 | 58 | Q020 | 484 
949°6 911 | 69 | 2942 | 477 
251°6 883 | 60 | 2986 | 470 


bo 
— 
oo 
Ce 
heed 
~ 
x 
ie 6) 
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APPREDIX, 225 


REPORT TO THE DIRECTORS OF THE GRAND CANAL 
COMPANY, ON SCREW STEAM BOATS. 


GenriemeEn, I regret exceedingly that from various causes, over which 
I had no control, I have been prevented until now from reporting on the 
two ateam boats in use on your canal, although the experiments made 
with them have been completed some time; but I hope my preliminary exa- 
mination and report on these two boats has prevented the inconven'snce 
that would otherwise have arisen from this delay, as it has enabled you to 
order a boat which, I have no doubt, will be found more suited to the traffic 
on your canal than either of those now employed upon it. I do not, how- 
ever, claim any merit for the plans or arrangement of the machinery in- 
tended for this boat, all of which were prepared by your own officers, and 
whatever merit it may have is entirely due to them; all that I could do was 
to satisfy myself from the experiments and examination of the two boats, 
which was the best constructed, and, under similar circumstances, produced 
the best effects, and to recommend to you that form of construction for the 
boat you were about to build, which from these experiments I was enabled to 
do with perfect confidence; at the same time I do not by any means pretend 
to say that a better form of boat, and more efficient machinery, may not be 
hereafter constructed, when more experience and practical knowledge shall 
be obtained by the working of these boats; for, when locomotive engines 
were first introduced upon railways, they were very much inferior to those 
now used. Almost every one which has been since made up to the present 
time has been an improvement on those previously constructed, either in 
strength, efficiency, or economy of working; and J have no doubt but simi'ar, 
or at all events very great and important improvements will be made in 
steam boats for canal purposes, when they become to be more generally used 
and mors attention shall be paid to them by practical men. 

In ordeer, howevr, to enable me to report on the queries put to me by 
your Secretary, I thought it necessary to make a careful examination of the 
two boats at present at work on your canal, and also to ascertain by experi- 
ment the power and capabilities of each of these boats under different cir. 
cumatances, as well in reference to the load they could carry as to the load 
they could haul with different velocities. In making this examination and 
experiment I was assisted by your excellent Secretary and intelligent Su; er- 
intendent of Works, Mr. Talbot, who gave me every information, and aided 


me in every way in their power. 
L3 
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The first of these boats which I examined, called No. 2 Boat, was con- 
atracted by Messrs. Robinsons and Russell, of London. It is built of iron, 
without ribs, is 60 feet long, and 12 feet beam, and is propelled by one screw, 
driven by an engine of the following dimensions :—boiler 2 feet 6 inches 
diameter, containing 74 tubes of 1} inches diameter each; the length of the 
tubes is 4 feet 6 inches, with 2 oscillating cylinders of 53 inches diameter, 
and 154 inches length of stroke. Preasure 50 fbs, and calculated to make 120 | 
strokes per minute; the thickness of boiler §, with 5 stays of round {-inch 
iren to strengthen the steam chambers. 

The diameter of the screw is 4 feet, width of blade 1-11}; pitch of screw 
6 feet, stern post 53 inches below keel level. 

No 1] Boat was built at the Ringsend Works, and the engines and ma- 
chinery were made and put into her by Mr. Inshaw, of Birmingham, who 
has constructed several steam boats used on English Canals. The length of 
this boat is 60 feet, and its width 12feet. The boiler is 4 feet 6Ginches in 
diameter, containing 48 tubes of 2} inches diameter, and 6 feet long; the 
éylinders are 7 inches in diameter; length of stroke 18 inches, and calculated 
to make 120 strokes per minute, the pressure being 50 ibs. The boat is 
propelled by two screws, 4 feet pitch, 3 feet in diameter, and 2 feet long, 
placed at each side of the stern post, worked with bevelled gear and two-fold 
multiplying power.* This principle of construction appears to answer very 
much better than that of No. 2 Boat, with one screw, for it is capable of 
bemg stopped and the motion reversed with much greater ease than the 
other, and it steers stern foremost almost as well as when running forward, 
which is a most important and essential requisite in any steam boat employed 
in Canal traffic, where obstacles and interruptions are so frequent, and which 
might be attended with danger, if the power of reversing was not easy and 
effective : in this respect it is very superior to the boat with one screw, which 
does not steer at all when the motion is reversed, but runs direct across the 
Canal to one side or other, according to the position of the boat at the 
moment of reversing. This boat (No. 2) was engaged by the builders to 








* These screws are what is usually termed right and left handed; they 
cin rpae F work in opposite directions. This is an improvement firet 
adopted by Mr. Inshew, and is found to be most important as to the working 
effect. Any person who has attentively watched the effect of a single screw, 
will have observed that the current of water thrown back from it does not 
take a direction in a right line with the boat, but in one at s diagonal with 
that line. By Mr. Inshaw’s arrangement of the two screws, the two diagonal 
lines being in the direction of the streame from the two screwe, are thrown 
inwarde, meeting immediately behind the rudder. The resultant is neces- 
sarily a atraight line of current in the centre of the canal, manifestly advan- 
tageous as regards the action of the screws, and strikingly so a8 regards the 
facility with which the boat is steered, and the power of the radder. 
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carry 40 tons gross, to be fornished with engines of 12-horse power, (nominal,) 
voasisting of two oscillating cylinders, and a tubular boiler, with feed pipes 
and reversing gear, and eapable of going with that load at about 5 to 6 miles 
per hour, and of propelling itself and another boat at the rate of about 3 Irish 
miles, or 34 English miles, per hour. This agreement does not however 
gate what load the boat to be propelled or towed was to carry, but it would 
appear to be the same as in the steam boat, that is 40 tons gross. By the 
experiments made with this boat, it is evident that she falls very much short 
of this performance, for, with 41 tons, she went only at the rate of 3% miles 
per hour, instead of 5 to 6 miles; and when towing a boat loaded with 52 
tons, she went at a rate of only 2} miles per hour, instead of 32. In fact, 
when loaded with 20 tons only, she went at the rate of 4 miles only per 
hour; this discrepancy would appear to arise from want of power in the 
engines, for it does not appear that they are more than 8-horse power, instead 
of 12; it may, however, be possible, that other circumstances connected with 
the form or arrangement of the screw muy he the cause of the want of speed, 
but want of power in the engine is the most apparent defect ; before, how- 
ever, drawing any conclusion from the experiments referred to, it will be 
proper to describe them. The first set of the experiments was made on the 
24th of April; the weather was cold, but there was httle or no wind to affect 
the free movement of the boats. 


Firet Experiment, 24th April, 1851, was made with Steam Boat No. 2, 
loaded with 41 tons. The distance of half-a-mile (measured) was run in 
8’ 25”, being at the rate of 3°56 miles per hour. During this experiment 
the pressure on the boiler was 50ibs. and the average number of strokes 
was 102. 


Second Experiment.—In this experiment the boat was loaded with 41 tons 
as before, and a barge was attached to it by a tow-rope. This barge was 
loaded with 52 tons: the pressure was 42\s., and the average number of 
strokes per minute was 87. The same distance as before was run in 13’ 6”, 
or at the rate of 2°29 miles per hour. 


Third Experiment.—In this experiment two barges were attached to the 
steam boat; one was loaded with 53 tons, the other with 30 tons, besides 
the 41 tons in the steam boat, in all 124 tons. The pressure on the boiler 
was 50lbs. ag in the first experiment, and the average number of strokes of 
the piston was 98, whilst the time occupied in passing over the same space 
was 14” 40’, or at the rate of 2°05 miles per hour. 


On the 26th April the following experiments were made with the same 
boat, 
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Fired Experiment.-The boat was loaded with 20 tons, the presoare was 
50lbe. on the safety valve, the average namber of strakes was 160 per 
minnte, and the same distance of half-a-mile was run in 7’ 30”, or at the 
rate of 4:0 miles per hour. 


Second Experiment.—In this experiment one barge, loaded with 50 tons, 
was attached to the steam boat loaded with 20 tona; the pressure as befora 
was 50 }bs., and the average number of strokes per minute was 90}, whilst 
the same space ran over required 12’ 20”, or at the rate of 2°43 miles per 
hour, 


Third Experiment.—In this experiment two boats loaded with 50 tons 
each were attached to the steam boat loaded with 20 tons, in all 120 tons 
of goods ; the pressure was 50 [be., the average number of strokes was 94, and 
the space was passed over in 12’ 55”, which was at the rate of 2°31 miles per 
hour. 


On the 5th of May the following experiments were made with No. 1 steam 
boat, baving two screw propellers. 


First Experiment.—The boat was loaded with 20 tons of goods; the same 
half-mile distance was run over asin the former experiments with No. 2 boat ; 
the pressure was 45 [bs., the number of strokes averaged 110 per minute ; 
the distance was run in 6’ 41”, which was at the rate of 4°49 miles per hour. 


Second Experiment.—In this experiment a barge carrying 50 tons was 
attached to the steam boat, which was loaded with 20 tons; the pressure 
was 49 Ibs. as before; the average number of strokes per minute was 101, 
and the time was 9’ 12”, which was at the rate of 3:26 miles per hour. 


Third Experiment.—In this experiment three boats were attached to the 
steam boat—one was loaded with 50, the second with 27 tons, and the third 
with 34 tons, in all 131 tons, including the 20 tons in the steam boat; the 
pressure was 49 ibs., the average number of strokes per minute was 96, 
and the time occupied was 10’ 58”, which was at the rate of 2°73 miles per 
hour. 

One fact, but certainly a most importafit one, has been established by 
these experiments, and that is, that a very much greater and useful effect is 
produced by hauling than by carrying. This fact was exemplified in every 
experiment that was made, though it was more apparent in one of the boats 
than the other, as will be seen by reference to the experiments; it also 
appears that one form of boat and machinery is less affected in speed than 
the other by a proportional increase of weight hauled than carried ; from this, 
it is evident that the form of boat and machinery most suitable for carrying 
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goods will differ from the form of boat and machinery suitable for haulage. 
The barges and boats on your Canal are much too large, heavy and anwieldly ; 
they are a heavy load in themselves, and require considerable power to move 
them, ¢ven at a slow rate, when empty; they are also formed as if they were 
to be employed as sailing barges, similar to those on the Thames and other 
rivers: this is a very great mistake and quite unsuited to Canal navigation. 
If the boats were built 60 feet long, 6 feet 6 inches wide, with upright sides, 
* and upright cornered bows, which would admit two of them to enter a Jock 
at the same time, a great amount of saving would be effected on your Canal 
in the power required to haul such boats, as compared with those now in use, 
for I have no doubt that six of those boats carrying 35 tons each, would be 
as easily hauled as two of the present boats 50 tons each—or in the ratio of 
210 to 100—and that such a steam boat as No. 1, at present in use, would 
be enabled to haul these six boats carrying 210 tons of goods at the rate of 
three miles an hour, and carrying at the same time 20 tons of goods, besides 
the 210 tons hauled. I would, therefore, strongly recommend you to have 
two such boats built, and if you found that the saving in power required for 
hauling was what I have stated, it would be judicious to have all new boats 
built on the same plan. I am well aware that it is very difficult to get parties 
long accustomed to a particular form of boat or carriage to adopt a different 
one; but I am convinced the advantages of the light and narrow boat would 
be so apparent that it would in a short time be universally used in Canals in 
this country, as such boats are at present used in most of the Canals in 
England and Scotland; and in any future engines that may be ordered for 
your Canal, I would recommend that the fire-box should be made as large 
as the construction of the boat will admit of, and that the draught up the 
flue be as moderate as possible, as more suitable to a turf fire than one of 
coke, for there cannot be a doubt, but turf or peat fuel will answer every 
purpose of working steam boats on the Canal, and will be very much cheaper 
than either coal or coke. My replies to the queries put to me will form the 
subject of a farther report, which shall be submitted with as little delay as in 
my power. 
JOHN MACNEILL. 
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OF 


TERMS CONNECTED WITH MARINE ENGINES 
AND BOILERS. 


(WITH FRENCH TRANSLATIONS.) 


Air-casing, of thin sheet iron, (la | 
chemise,) surrounds the bottom of : 
the chimney to prevent the radia- 

Pires of heat deck, — a 
ir-pepe, a small copper pipe lead- 
ing from the to it the hhot-well 
through the ship’s side, for the 
diecharge of the air and uncon- 
densed vapour pumped by the air- 


pump. ne 

Air-punp, (la pompe ao l’air,) is re- 
quired to maintain the vacuum in 
the condenser by withdrawing the 
condensing water, air, and uncon- 
densed vapour. 

Air tubes, are small wrought-iron 
tubes hung in the coal-boxes from 
the deck and filled with water, for 
the purpose of ascertaining the 
temperature of the coals by a 
thermometer, a8 a precaution 
against spontaneous combustion. 

Angle-iron, (corniére), 

Annular-mston, is one made in the 
form of a rng encircling an jnner 
cylinder which is enclosed Within 

external one. This arrange- 
ment is sometimes adopted to gam 
length of connecting-rod, by caua- 
ing it to descend within the inner 
cylinder. 

Anvil, (masse). 

Aah-pits, (oendrierg,) underneath the 
fire-bars of the furnaces, where the 
ashes collect, — 

Almospheric or aingleacting engine, 


(machine 6 vapeur atmospherique, ) 
is a condensing engine in which the 
pressure of the steam acts during 
the up-stroke only, the return 
stroke being performed by the 
pressure of the atmosphere acting 
against & vacuum. 

Aucilary or feeding engine, (machine 
alimentaire,) fitted to supply tubular 
boilers with feed-water when the 
large engines are not working, and 
the ordinary feed-pumps are there- 
fore inactive. 

Azle, (tourillon). 


Babbit’s patent bushes, are formed of 
an alloy of 1 Ib. copper, 50 Iba. tin, 
5 lbs. regulus of antimony. 

Bach-balance of eccentrre, is fixed to 
the back of the eccentric pulley for 
the purpose of balancing its weight 
on ihe shaft. 

Back-balance of side valves, ia the 
weight fixed at the extremity of 
the valve-lever for balancing the 
weight of the slides. 

Back lash, is the term given to the 
jar which ensues when one portion 
of the machinery which receives 
motion from another (but without 
being always in actual contact) has 
its velocity so increased from some 
extraneous canse, that it falls back 
with a sudden blow, upon the part 
from which it ought to derive its 
motion. 


aa3 


Buch-links, the links in a parallel 
mation which coumect the air-pump 
rod bo the beam. 

t J » 

Banking-up the fires, raking them to 
the bridge of the furnace, and then 
smothering them with cinders and 
wmall coal, the draft being at the 
game time checked. By this means 
the fires are kept in a state of 
i id combustion, but are ready 
te burn up briskly again when 
steam is wanted at short notice, 
the red-hot mass being then broken 
up, raked forward, and the draft 
re-admitted. 

Barometer or vacuum-gauge, (baro- 
meétre,) is fitted to the condenser 
of an engine to show the vacuum. 
{t resembles the common weather- 
barometer, except that the top of 
the tube isin communication with 
the condenser. 

Rarrelofa pump, (corps d’une pompe). 

Baae-plate, see Sole-plate. 

Beam or side-lever engines, (machines 
& balanciers,) are those in which the 
motion of the piston is communicat- 
ed to the crank through rocking 
beams or levers at the sides. 

Beams of a vecnel, (travers). 

Bearers, are the cross bars in the 
furnaces supporting the ends of the 
fire-bars. 

Sear, is a small apparatus for punch- 
ing holes by hand. 

fearing, neck, or journal, of a shaft, 
(coussinet d’une arbre,) is the part 
which revolves within the pedestal- 
brasses, and supports the weight or 


strain. 
Bedding of a boiler, is the seat on 
Priteen it rests. ais ay 
é- » worked by the engine, 
to leat this water from the bilge 
I sem oft 
of, the process of ejecting 
the fapereaitod water from the 
boiler in order to prevent the de- 
osition of scale or salt. 
Biow-off cocks and pipes, are those 
through which the brine is eject- 


Blowing-through, (purger d’air,) is the 
process of clearing the engine of 
air by blowing steam through the 
eylinder, valves, and condenser, 
before atarting. 

Bhow-through valve, (soupape 4 purger 
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d@’air,) is fitted between the valve- 
casing and the condenser for the 
temporary passage of the stear used 

, pressure, high presmure, 
(chaudiére & basse pression, & haute 
pression). 

Bolt, bolted, (boulon, boulonné). 

Boss, (renflement,) is a centre or 
swelling of any kind im which 
hole or eye is bored. 

Box-keys, are the upright keys used 
for turning the nuts of large bolts, 
or where the common spanner 
cannot be applied. 

Bracket pedestal or plummer-block, is 
the fixed support for the bearing 
of ashaft in motion, formed so that 
it can be fixed vertically to the 
frame of an engine, or the side of a 
beam, &c, 

Brass, (bronze,) an alloy of copper, 
tin, and zinc, in different propor- 
tions. Tough brass, for engine- 
work, is formed of 10 lbs. copper, 
14 Ib. tin, and 14 Ib. zinc. Brass, 
for heavy bearings, of 1 1b. copper, 
23 oz. par oz. zine. 

Break or brake, (frein). 

Bridge of a boiler, is the barrier of 
fire-bricks, or iron plates contain- 
ing water, thrown across the far- 
nace at the extreme end of the 
fire-bars, to prevent the fuel being 
carried into the flues, and to 
quicken the draft by contracting 
the aren. 

Brune-pumps, (pompes de saumure,) 
are worked by the engines to with- 
draw the super salted water from 
the boilers methodically, instead 
of by periodical blowing-off. 

Butkheads, (cloisons). 

Bush, is a lining of brass, steel, or 
other metal, fitted in an eye or 
bearing, either to diminish friction 
or prevent rapid wear. 


e 

Callipers, are compasses with round 
legs, used for taking the diameter or 
thickness of circular or flat inside 
work about an é¢ngine. Jneide 
callipers are used for measuring the 
internal diametcr of a brass or hole 
of any kind. 

Cam, for expansion, is a disco of cast 

iron, having the periphery out in 

an irregular figure, for giving the 

proper motion te the expansioa 
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valeé, Tt is graduated in stens a0 

as to suit the different degrees of 

expanaion. . 

Carriage by sea, ai ai ; 
by land, (montage 

Cast, {coulé). 

Cast-tron, (fonte). 

Cataract, is a contrivance introduced 
into marine engines for softening 
the fall of the expansion valves 
when these are made upon the Cor- 
nish principle. It consists of a little 
brass cylinder filled with water or 
oil, and fitted with a solid piston 
connected by a crosshead with the 
valve spindle. The fall of the valve 
is checked and regulated by the 
escape of the water or oil through 
a small hole bored for that purpose 
in the side of the cylinder, the pis- 
ton of the cataract descending ac- 
cording as the liquid is forced out 
from before it by the pressure due 
to the weight of theexpansion-valve. 

Cement, (ciment, mastice). 

Centre-boss, of the paddle-wheels, 
(renflement central des roues a 
aubes), 

Chimney, (cheminée). 

Chisel, (ciseau, burin). 

a a a flat valve with a hinge- 
joint. 

Clearance of the piston, is the small 
space left between the piston and 
the top and bottom of cylinder at 
the end of each stroke. 

Clinkers, ae ieae are the incom- 
bustible matter left on the fire-bars 
during the combustion of the coal. 

Clinker-bar, is fixed across the top of 
the ash-pit to support the alce used 
for clearing the interstices of the 

ars. 

Clothing the steam-pipes, boilers, &c., 
means covering them with felt and 
other non-conducting materials, to 
prevent the radiation of heat. 
cals ; coal bunkers, (les « houilles, 
ioe de terre; soutes 4 char- 

on). 

Coat-trimmer, s man whose duty it is 
to work within the coal- boxes, and 
bring the coals to the doors at the 
boiler front as they continue to be 


consumed. 
Cack, {robinet). 
oaeet wheels, (roues dentées,) are 
t fitted with wooden teeth or 
wage, for the purpose of lessening 


? 
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friction aad giving emoothness of 


action, ; 

Coid-chisel, a chisel properly tempered 
for meres ee iron. 

Collar of a shaft, (collier,) is the pre- 
jecting rim on each side of the neck 
or bearing, to confine it sidewnys 
during its revolution. 

Convmon steam, (in contradistinction 
to super-heated steam,) is steam in 
contact with the water from which 
it was generated. 

Condenser, (condenseur,) is the cast- 
iron box in which the process of 
condensation takes place. 

Condensing engine, (machine & con- 
densation,) is one in which the 
steam is condensed after leaving 
the cylinder, for the purpose of 
gaining the effect of the atmosphe- 
ric pressure. 

Conmecting-rod, (bielle de la mani- 
velle,) in a direct-acting engine, 
communicates the motion directly 
from the head of the piston-rod to 
the crank: in a side-lever a ; 
from the cross-tail to the crank. 

Consumption of fuel, (consummation 
de combustible). 

Counter, a little instrument employed 
for registering the strokes of an 
engine, 

Coupling of a shaft, is the mode of 
connecting together two or mora 
lengths of a revolving shaft, by 
shaping the ends into Hat surfaces 
or bearings, which are held together 
by a strong iron sollar or coupling- 

ox 


Cover or lap of the shde-valve on the 
steam side, ia the space which it 
advances beyond the opening of the 
steam-port after it haw closed it 
and is given for the purpose of 
causing the engine to work expan- 
sively, by cutting off the admission 
of steam before the end of the 
stroke. 

Cover or lap on the exhausting side of 
the piston, causes the p tothe 
condenser to be closed be the 
end of the atroke, the piston being 
then said to be cushioned by the 
elasticity of the confined mapoxr, 
upon which it descends, 

Crank, cranked, (manivelle, coude } 
coudé), 

Crew ot a vessel, (l’equipage d'pn 
vaisseau). 
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» ttraverse, tite croisaée,) 

in e side-lever engine, crosses the 
of the piston-rod, and com- 
manicates the motion to the side- 


rods. : 
Crons-tail, ine side-lever engine, takes 

the motion from the side-rods and 

communicates it to the connecting- 


rod. 
Cups , resembles a conical valve, 
has no spindle, being turned in 
the form of a cup or portion of a 


ephere. 
joning the piston, means that a 
gmall portion of steam is shut up 
between the piston and the cylinder 
top and bottom at the end of each 
stroke, which acts as a spring to 
soften the shock, and to give the 
piston a start forward after the 
centre is turned. This effect is 
produced by the lap of the side- 
valve on the exhausting side. 
Outter, (clavette,) is the wedge-key 
used, in combination with the yzb, 
(contre-clavette,) for tightening the 
strap and brasses of a bearing, as 
the latter wear by friction. 


a off the steam for expansion, 
(la dl ji 
dr 


lal (couvercle de cylin- 

e). 

Dampers, (lea registres,) are iron 
plates, fitted bya hinge or otherwise, 
aoross the fronts of the ash-pits and 
the bottom of the chimney, for the 
por of regulating the draft. 

hey are capable of being adjusted 
by hand to any desired area. 

Dead. fires, when they burn sluggishly. 

Dead-plate, a flatiron plate frequently 
fitted before the bars of a furnace, 
for the purpose of coking bitumi- 
nous coal upon before it is thrown 
back upon the fire. 

Dead-water, (eau mort,) isthe ourrent 
following in the wake of a ship and 


og of her motion. 
Deck, (pont). 
Depth of a vessel, (hauteur d’un 


veinseau). 
Diagram of tdicator, the e 
tracad by the pencil, from which 
is caloulated 


the pressure : 
Dip of the wheels the depth of water 
over the top of the vertical board, 
-aeting engines, are those in 
which the motion of a piston is 
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communicated direcily from the 

head of the piston-red to the 

through the connecting-rod, - 
out the intervention of side-levers, 

Discharge, delivery, or wasie-water 
pipe and vale, (fayean et sonpape 

de décharge, ou de sortie,) are t 
through which the heated condens- 
ing watery and Lp, aa are discharged 
into the sea by the air-pump. 

Disengaying or disconnecting the pad- 
dlex or screw from the engines, (by 
suitable machinery,) permits them 
und their shaft to revolve freely in 
the brasses by the reaction of the 
water, by which means the epeed 
of the ship when under canvas is 
not so much affected as if they were 
dragged through the water. 

Dreplacement of a vessel, is the weight 
ot water which she dtaplaces, being 
of course equal to her own weight. 

Donkey or aumbhary engene, (ma- 
chine alimentaire ) 18 used for feed- 
ing the boilers while the large en- 
gines are at rest. 

Double-acting engune, (machine & 
double action,) 18 one in which the 
steam acts against a vacuum on 
each side of the piston alternately, 
as in the ordinary marine engine. 

Douwble-acting pump is one which lifts 
and forces water alternately, by 
means of a solid piston or plunger 
and an entrance and exit valve 
communicating with each side, (as 
the feed and bilge pumps of a ma- 
rine engine), 

Double-cylunder engine, as patented by 
Messrs. Maudslay, has two cylin- 
ders, between which the lower end 
of the connecting rod descends, its 
motion being communicated from 
the piston-rod by a bent crosshead 
working in grooves between the 
cylinders, 

Drayght of the chimney (tirage). 

Dratight of water (immercion). 

is a round piece of steel, made 

slightly tapering, and used for en- 
larging a hole ins metal plate by 
being ao through i. vt 

, is @ small copper pipe 
leading from the waste peng Re 
inside, to carry off the 
steam and other hot water which 
may bs blown into the “trap” at 
the top. 


Driving-eheel, (pone metrice,) in the 


MAGISR BNGINES AND BOTERS. 


gearing of a screw veanel, je that 
which eommunicates motion éo ths 
small wheel or pinion. 

Drwn is a bollow cylinder fixed on a 
eheft for driving another shaft by 


« band, 
eter is an instrument for 
dicating the thrust of the serew- 
prone by means of springs and 

evers. 


Eetentric, (excentrique,) iy the ar- 
rangement usually adopted for giv- 
ing the proper stroke fo the valves. 
It consists of the eceentrie pulley 
of cast iron, which is loose on the 
intermediate shaft, and the hoop 
of wrought iron lined with brass 
which encircles the pulley, an 

ves motion to the eccentric rod. 

e eccentric stops or snugs are two 
little projections fixed on the inter- 
mediate shaft for the purpose of 
carrying round the eccentric pulley, 
according as it is wanted to go 
ahead or astern, the pulley itself 
being free to revolve backwards or 
forwards between the two stops. 
The weight of the pulley is balanced 
on the shaft by the back-bulance 
cast on it, 

Eduction or exhaust passages (tuyeaux 
de sortie, ou d’émission), through 
which the steam passes from the 
valves to the condenser. 

Effective diameter of a paddle wheel 
is generally reckoned at one third 
of the breadth of the boards from 
each extremity of the diameter. 

Ffectire heating surface in a boiler is 
that Which is considered of value in 
crapereene the water. The bottom 
surface of the flues and furnaces, 
and one third of the whole surface 
of the tubes in tubular boilers, are 
usually rejected as meffective 

Engine beams cross through the en- 
gine room at the height of the en- 
tablatures, to steady them, and re- 
ceive part of the thrust of the 
paddle wheels, 

Engine bearers or sleepers, (poutres 
de fonéement,) are the longitudinal 
keelsons through which the foun- 
dation plate is bolted. 

Engineer, engine tenter, (machiniste, 
mechanicien), 


Entablature is the strong iron frame 
supporting the 
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usaajiy receives additional stiffness 
from g confined between two 

called the entadla+ 
ture oF engine 


al. 

Equilibrium, Cornish, or double-heat 
pulves, are frequently used in marine 
engines as expansion valves. Their 
peculiarity consists in their be 
pressed by the steam equally in 
directions, so that they rise with a 
very slight force, exposing at the 
game time a large area of steam 
with a very small rise of the valve. 
scape or priming valves, {soupapes 
d’échappement,) are loaded valves 
fitted to the top and bottom of the 
cylinder, for the escape of the con- 
densed steam, or of water carried 
mechanically from the boilers with 
the steam. 

Escape-valves are also fitted to the 
feed pipes as a means of exit for 
the surplus water not used by the 

Peace deaclivass 
apansion gear, (lencliquetage pour 
Vexpansion,) is fitted to marine 
engives, independently of the cy- 
linder valves, for the purpose of 
cutting off the steam et different 
portions of the stroke, according as 
it is wished to economize fuel more 
or less. It generally consists of « 
greduated cam on the paddle shaft 
against which a roller presses and 
communicates the movement peen- 
liar to the irregular surface of the 
cam, through a# series of rode and 
levers to the eapansion valre, situ- 
ated between the throttle valve and 
the slides. 

Expansion or Faweett joint is astufing- 
box joint used when a straight metal 
pipe, (as the steam pipe,) whioh is 
exposed to considerable variations 
of temperature, has no elbow or 
curve in its length to enable i# to 
expand without injury. In such a 
case the pipe is divided into two 
lengths, which are united by & 
steam-tight joint accurately bored 
and turned, go as to allow the one 
pipe to ane: within the other, when 
they lengthen by expansion. 7 

eae (expetience). ot 
ye of & cran. »» (ensoche, off, 
is a hole Sared te sacatey o oxian eh 
pin, 


paddle shaft. It | Fawcett joint, see Expansion joints 
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Feothering paddle wheels {as Morgan’s 
patent), are those in which the 
ite mac for feathering 
the boards, or them to enter 
atid leave the water in a perpendi- 
cular position. By this means, the 
board leaves the water without 
Itting it, and the effect of the wheel 

Pot apg aay ioess oe 

ratus, (Vappareil alimen- 
éaire,) sat @ marine Voter, consists 
of the feed pump, feed pipe, passin 
ugh the refrigerator, feed coe 
on the boiler, escape valve for the 
surplus water, and water gauges to 
show the level in the boiler. 

Peedsng engine, see Auxiliary engine. 

Ferules (viroles) are rings of iron or 
brass frequently used for fastening 
the tubes of a tubular boiler in the 
tube plate. 

#vles, (hmes). 

Fere bare, (barres du foyer). 

Frre grate, (grille du foyer). 

Fure-hose, are made adjustible to the 
discharge pipes from the bilge- 
pumps, from the auxiliary engine 
where fitted, and from the hand- 
pump in engine room. 

Five men or stokers, (chauffeurs, ) the 
men who work the fires. 

Fwng-up, urging the fires to make 
them form as much steam as 
possible, 

Flange, (rebord). 

float boards or paddle boards, (Les 
aubes). 

Fines, (conduits). 

Foot-valve, (clapet de fond,) is situated 
between the bottom of the con- 
denser and the air pump, opening 
towards the et foulantes) 

Foromg pumps, (pompes foulantes). 

Fork, (fourche). 

Fork head, the double head of a rod 
which divides in order to form a 
oonnection by means of a pin. 

or base plate, (plaque du 
fond,) see sole-plate. 

Fox key, is akey with a thin wedge of 
steel driven into the end to prevent 
its working back. ; 

Frame of the engine, (chassis, cadre). 

Frames of a vessel, (membrares d*un 


waisseau). 

Friction, (frottement}, 

Fulcrum ie na palier, crapsu 
dine). » \euppart, 3 «Orapse 
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Furnace, ere \, 

Funble Plage, (bondelles fusibles,) 
are sometimes fitted in boilers, 
being expected to melt by the 
high temperature of the confined 
steam, and thus allow it to escape 
in case of its attaining a dangerons 
pressnre from the safety valve not 
acting. 


Gasket, (garniture d’étoupe,) is the 
hemp pee , formed of soft cord 
plaited, which is used for making 

Pion cig Sena aig of 
quge covka, (robinsts d’épreuve,) o 
brass, attached to the front of the 
boiler for indicating the level of the 
water. 

Gauge, steam or mercural, (mano- 
metre de verre mercurial,) is a 
syphon tube half filled with mér. 
cury, usually employed for showing 
the pressure of low steam. When 
a marine boiler uses steam of high 
tension, a spiral spring is employed. 

Gib (contre-clavette), is the fixed 
iron wedge used, in conjunction 
with the cutter or driving-wedge 
(clavette), for tightening the straps 
and brasses of the different beay- 
ings. 

Gland, is the cupped collar (lined with 
brags,) which encircles the piston 
and air pump rod, &c., where it 

asses through the cover, being 
or the purpose of holding oil or 
tallow for lubricating, and for 
compressing the packing of the 
stufing~-box upon which it is 
screwed down. 

Glass water gauges, attached to the 
fronts of the boilers for showing 
the level of the water 

Governor, (régulateur,) in screw 
engines, is an apparatus by which 
the steam is shut off from the 
qlinders (when the speed of the 
engine becomes too great), by the 
divergence of two balls the 
centrifugal force, aa 
their velocity is increased. 

Grease cock on the cylinder cover, ie 
lubricating the piston with melte 
tallow, without permitting the 
escape of steam or the entrance of 


._ Gir. 
Groove, (trou, entaille), 
Guards 


or the bolts of an ne are 
ight frames of Scns oF 


/ MASH wye@rNas amp notes, 


which the nuts of the bolte fit, to 
prevent their working loose by un- 
pala ‘ ; 

Gudgeon, (gonjon,) is any short pin or 
abaft weed 08 a bearing for a moying 

on of the machinery. 

Guides, (glissoirs,) are smooth sur- 
faces between which the head of 
a piston rod, &c., slides to preserve 
ita parallelism ; the sliding block 
attached to the croas head being 
called the Guide block. 

Gun metal, an alloy of brass very 

nerally employed in engine work. 
t is formed by melting together 
1 lb. of tin, 1 lb. zinc, and 8 Ibs. 


copper. 


Hall’s condensers, a method of sur- 
face condensation in which the 
steam is condensed by passing 
through a large number of small 
tubes immersed in cold water. 

Hummers, (marteaux,) of three sizes, 
the largest being called sledge 
hammer ; the next flogging hammer , 

ee Ne Bee hand hammer. 
andle, (manette). ; 

Hand pump, (pompe & bras,) is fitted 
in the engine room for filling and 
feeding ibe boilers by hand, for 
washing the decks, extinguishing 
fire,&c. Itis always made capable 
of being attached to the engimes 
when they are hear ¢ 

Heat, heating power, (chaleur, puis- 
sance calorifique). ; 

Helm, heimaman, (timon, timonier). 

Hemp, (étoupe). 

Hegh-presvue, or more correctly non- 
condensing engines, (machines a 
haute pression,) are those which 
work simply by the excess of the 
pressure of the steam above that of 
the atmosphere. Condensing en- 
gines, although sometimes using 
= igh-preasure” steam, are neyer 
called high-pressure engines. 

thea steam, (vapeur @ neat 
presaton,) is a expression de- 
noting stearh of ¢ ten on above 15 
or 30 lbs, pressure above the atmo- 


aphere. 

Holding-dawn bolts, are the strong 
screw-balte employed to fasten the 
foundation plate of the engines to 
the shiy'’s bottom. 

Horse power, nominal, (puissance en 
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sumed Hf io td 33,000 Ibs. raised 
one foot high in one minute. 

Hot-well, (reservoir 4 eau chaude, Ie 
citerne,) is the reservoir for the 
water pumped out of the condenser 
by the air pamp. 

Hugging is the expression used when 
one yesse] is running so close in 
the wake of another as to be 
influenced by the current of dead- 
water following her, in which case 
the two may continue to keep close 
together, although the vessel 
running behind may be, perhaps, 
a mile an hour slower than the 


other. 
Hult or shell of a boat, (coque d’un 
bateau). 


Inerustation or scale, (sédiment,) is 
the hard coating of salt, lime, and 
other mineral substances which 
collect on the inner surface of 
the plates of boiler which is not 
aad and sufficiently “‘ blown 
rt 93 


Index of a spring balance, (conent 

Indicator, (indicateur,) is the little 
instrument employed for ascer- 
taining the real power, as well as 
the state of efficiency of the in- 
ternal] parts, of a steam engine, by 
indicating the actual pressure in 
the cylinder during each atroke, 
and the time and manner in which 
the steam is admitted and shut out 
by the valves. 

Injection, (injection,) is the process 
of admitting a jet of cold water 
from the sea into the condenser, to 
condense the steam as rapidly as 
possible. 

Inside bearings of Peale shaft, epee 
a bracket bolted to the ship’s side,) 
are employed when the wheels are 
** overhung.” 

latermediate shuft is the strong shaft 
crossing the centre line of the 
veesel and connecting the paddle 
shafts ofthe two engines. 

Troa-filings, (limaiile). 

Jounts, (charniéres, articulations), 

Journal, (coussinet,) is the neck or 

ring part of 4 shaft, pe 
which it turns and by which it dw 
supported. 

Junk ring, is a metallic riog sonlining 


the hem of tne 
(when cach en. i oun 


capable of 
compress i 


Keaelsons, (carlingues). 
Key, (elef,) o wedge piece of iron 
used for tightening the brasses of a 


Bg, wa. 

Kingsion’s valves, are conical valves 
with a sorewed spindle, and are 
very generally used for piney 4 the 

ces of the injection and blow- 
off pipes where they pass through 
the ship’s side. 

Knees of iron, (équerres en fer). 
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of heins screwed down to 


Laggingsfor the cylinder, &., are the 
in staves of wood employed in 

"* clothing,” to stop the radiation of 
heat and consequent condensation 


of steam. 

Lep of the slide valve, see Cover. 

Lerbourd engine, that on the left- 
hand side of the vessel when look- 
ing towards the bow. 

Latent heat, (chaleur latente,) is that 

ortion of heat which is absorbed 

y gases and liquids, in a latent or 
insensible state, during their transi- 
tion from 4 denser to a rarer form ; 
as when water at 212° changes into 
steam at 212°, and when ice at 32° 
changes into water at 32. 

Lead «f the slute valve, (avance du 
tiroir, )is the small space which the 
valve opens to steam at the end 
of each stroke, upon the opposite 
side of the piston. It tends to 
check the velocity of the piston at 
the end of the stroke, and allows of 
the valve being open and ready to 
admit a larger supply of steam the 
instant the motion of the piston is 
reversed. 

Laud of the crank, (avance de la 
manivelle). 
acting, and generally in all un- 
balanced engines, to give what is 
called lead to one of the cranks; 
which implies that the crank of the 
one engine is set a little in advance 
of the right angle to the other; 
genes at 100° or 110° in place of 
90. This assists in rendering the 
motion of the piston more umform, 
by moderating its velocity at the 
end of the stroke. 

Leather, (cuir). 

aeongth of stroke, (longueur du coup, 
ou de la course). 


It is usual in direct-| Mele 
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Level, {nivean). 


Lever, (lévier). 

Lighter or barge, (gabarre ). 

Leanke are short connecting pivone, 

with a bearing in each end, for 
transmitting motion from one ted 
or lever to anether, 

Lak motion, is an ingenious pis 
ment for working the slides, by, 
which means the travel or stroke of 
the valve may be varied at plea- 
sure, and expansion given without 
a separate expansion valve being 
required. It also affords grent 
facilities for stopping and reversing 
the engines. 

Log, engune-room, a tabulated sum- 
mary of the performance of the 
engines and boilers, and of the con- 
sumption of coals, tallow, oil, and 
other engineers’ stores. 

Lubrwators, (godets, ou boltes a 
hutle, ) are the larger description of 
oil-cups for holding oi] and dis- 
tributing it to the working parts of 
the engines. 


Man centre, (goujon central, ) in side- 
lever engines, is the strong shaft 
upon which the side levers vibrate. 

Maniole, (trou d’homme,) is a hole 
in a boiler or tank, fitted with a 
steam-tight cover, through which a 
man may enter for the purpose of 
cleaning and examining the interior. 

Metallec packing, (for the piston, is 
composed of a ring or several rings 
of iron or other metal, sometimes 
cast #0 as to possess elasticity in 
themselves, or sometimes cut into 
segments and pressed against the 
interior of the cylinder by springs, 
so as to ferm a steam-tight contact. 

Metre, equals 39°3702 English inches. 

, Geogrupki or Naattwal, or 
knot, contains 8082°66 feet. 

Mile, Brotteh Statute, contains 5280 

"feet, 1760 yards, or 1609 métres. 

Mtle-post, (borne milliaire), 

Mitre- bas ite teeth set at an 
angle of 46° with thé spindle, so aa 
to tranemit the motion to another 
mitre-wheel and shaft at right 
angles with it. 

Morgan's feathering paddies wheel, see 


Featherung 7 
Mod howe, iy ple cerita 
» (or men 
fitted with steam and water taght 
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' doors, through which the deposit 
may be removed from the boi 

Munte’s metal, used for bearings, &c., 
is formed of 2 parts of zinc, 3 parts 
copper. 


Nave of a wheel, (moyen). 

Neck ofa shaft, (cou sinet d’un arbre,) 
is the journal or bearing on which 
it tarne and is supported. 

Non-condensing or high-pressure en- 
gines, (taachines & haute pression,) 
are those in which the principle of 
condensation is not applied, the 
motive power being due solely to 
the excess of the pressure of the 
steam above that of the atmosphere. 

Notch, (encoche). 

Nut, (ecrou). 


Orl-cups or lubricators, (boftes a huile,) 
are fitted to the several bearings and 
rubbing surfaces of the engine for 
the purpose of lubricating them to 
diminish friction. 

Oscillating engines, (machines aux 
eylindres oscillantes,) are those in 
which the cylinders oscillate upon 
holiow axes or trunnions, through 
which the steam enters the valve 
casing. By this arrangement, the 
parallel motion aud connecting-rod 
are dispensed with, the head of the 
piston-rod being attached d-rectly 
to the crank-pin. 

Outoide bearings to paddle shaft, when 
the shaft runsthrough to a bearing 
on the spring beams. 

Overhung paddie wheels, when the 
shaft does not run through to a 
bearing on the spring beams, but is 
supported by a bracket from the 
ship’s side. 


Packing for the piston, slide-valves, 
&c., (garniture,) is employed to 
render them steam-tight, and is 
formed sumetimes of rings of Sron 
or other metal pressed outwards by 
springs, (when it is called metallic 
packing) ; sometimes by hemp con- 
fined by a “ juuk rmg” and com- 
pressed by screws (called hemp 

peoking) 3; and sometimes by rings 

of canized india rubber and 
other elastic material. 

Paddle wheels, paddle boxes, (roues & 


aubes, tambours), 
Pesidle boards or oat Soards, (les 
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anbes) ; paddie¢-arms, (les reais des 
roues). 
Parallel motion, (ke parallelogram,) is 


the name given to the combination 
of jointed rods usually employed im 
side-lever engines (and othera) for 
preserving the ism of the 
piston r 

Pedestal or plummer block is the sup- 
port for a shaft in motion, holding 
the brasses on which it turns. 

Pet cock or test cock is the name given 
to a little cock sometimes fitted at 
the top and bottom of the cylinder 
to allow the escape of water from 
above and below the piston, inde- 

pendently of the ir valves fitted 

or that purpose. They are wr 
open until the engines are fairly 
under weigh, and are then shut. 

Pain, (happe, boulon), 

Pitch of a serew is the distance between 
the threads, or the distance which 
the screw advances during each 
revolution when working in a solid. 

Petch circles are the circles of contact 
of two or more toothed wheels 
working in combination. 

Priching of a vessel, (plongement), 

Plates, (thin,) (lames, tolles). 

Plug, (bouchon). 

Plummer block, pee Pedestal. 

Plunger, (plongeur,) a solid piston 
without valves used in the feed and 
bilge pumps, &c. 

Ports of the cylinder are the short 
steam pussages Jeading from the 
top and bottom of the cylinder to 
the slide-valve casing. 

Priming or foaming of the boilers 
implies that the water boils over 
into the steam pipes which lead to 
the engines, and is caused by the 
water being dirty, or there being a 
deficiency of steam-room in the 
top of the boilers. 

Priming valves, see Escape valves. 

Radiusof curvature, {reyou de courbe). 

Radius ro.’s or bars, (la bride du paral- 
lelogram,) are the guiding rods in a 
parallel] motion jointed to the con- 
necting links to counteract the 
vibratory motion communicated by 
the side levers. 

Reeiprocating, (alternatif). 

Reefine the paddles, means dieconnect~ 
ing the float-boardafrom the paddie- 
arms, and bolting them again nearer 
the centre of the wheel, in order to 
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injeh the dip when the vessel is 
, This is sometimes done by 
ry in what are called 


reusing paddle wheels. 

Refrigerator, is o vessel containing a 
number of copper tubes through 
which the hot brme passes after 

ejected from the boiler by 
the brine-pump. The feed water 
is at the same time passed through 
the yoese] surrounding the tubes, 
and has its temperature thus raised 
by the waste heat of the brine 
pefore entering the boiler, 

Reverse or vacuum vulves, (soupapes 
de siireté intérieures,) are small 
loaded valves opening inwards, and 
fitted to the boiler to admit air 
when a vacuum is formed by the 
condensation of the steam inside, 
or when the pressure of the steam 
falla to a few pounds below the 
pressure of the atmosphere. 

Reversing geur is the apparatus pro- 
vided for reversing the motion of 
the engine by changing the time of 
action of the slide-valve 
done by bringing the eccentric 
beland in place of in advance of the 

crank. 

Rib, (tirans), 

Rocking shaft, the shaft, with levers, 
frequently used for working the 
slide-valves, the notch of the eccen- 
tric rod dropping into a stud fixed 
in one of the levers, and the Inks 
of the slide-valve spindle being 
attached to the opposite lever on 

Haters v2 7 ee frottante) 

mg part, (partie frottante). 

Rudder, (ouvernail). 

Rust joints, made by spreading over 
the surfaces to be united a mixture. 
of one ounce of sal-ammoniac to one 
pound of cast iron borings. 


Safety valves, oonren de siireté,) are 
fitted to the boilers for the escape of 
the steam, before it attains a dan- 
gerous pressure. 

Salinometer, (salinométre,) is an in- 
atrument for measuring the quan- 
tity of salt contained in solution in 
ro va Soar eri by oe 

either the specific vity, or 
the temperature at which it boils. 

Spute, (sédiment,) is the hard crust of 
salt, lime, &c., which collects upon 


Vhis is | Sede le 
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w boiler whet proper attention fe 
not paid to * Howing of.” She 
hammers used for loosening and ve- 
moving the scale are called souling 
hammers. 

Screw, screwed, (vis, viesé). 

Screw aol (boulons en vis, boulons 


taraudés). 

Seat of the valve, (siége de la soupape). 

Sediment collectors or scale pans, are 
shallow vessels which are sometimes 
fixed in boilers about the level of 
the water, for collecting the parti- 
cles of sediment which are buoy- 
ed up to the surface by bubbles of 
steam, and which would otherwise 
settle at the bottom of the boiler. 

Sensible heat, (in apposition to latent 
heat,) is free calonc, which is sen- 
sible to, or whose presence is indi- 
cated by the thermometer. 

Shaft, (arbre). 

Sheet ron, (tole, fer en feuilles). 

Shovel, (pelle). 

Shrouds for the funnel are the aup- 
rorting chains from the deck. 

vers, in side-lever eagines, 

(balanciers,) transmit the motion 

of the piston rod from (he side-rods 

to aM cross tail of the connecting 

r 


od. 

Sleepers or engene bearers, (traverses). 

Slice, (fourgon, tisonnier,) is the in- 
strument used for clearing the air 
spaces between the bars of a fur- 
nace, when they become choked 
with clinkcs, 

Slide valves, (tiroirs, soupapes 4@ 
tirvir,) are much used for the cy- 
linder steam valves of marine en- 
gines. The two kinda most com- 
monly found are called “‘long D” 
and *‘short 1)” valves, from the 
form of their cross section; the 
distinction being that in the first 
case the steam enters round the 
outside of the valve, and exhausts 
tHrough it, while, in the second, the 
exhaust takes place alternatel 
from the top and bottom of nok 
of the t-vo short slices, which are 
strongly joined together by vertical 
r 


Slide-casmng or jacket (boite des tiveirs) 
is the cast-iron box within which 
Slip of t the paulille heel in th 
0 i) or serew e 
Seat which each aitps back in ite 


the interior surface of the plates of | progress through the whter, in con- 
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quence of the imperfect resistance 
fered by the fluid, and is therefore 
yual to the difference between the 
ate of the wheel or screw and that 
f i veneel, ’ 
ith (forgeron). 
oke bor” (botte & fumée,) is the 
pace in a tubular boiler between 
he ends of the tubes and the front 
© back of the boiler. It is fitted 
vith doors which remove for the 
marpose of cleaning the tubes with 
ube-brushes, and removing ashes 
ind soot. ; ; 
wke-burning apparatus is sometimes 
Atted to boilers with the view of 
offecting a more perfect combuetion 
of the inflammable gases by intro- 
ducing fresh atmospheric air behind 
the “‘ bridge.” ; 
ap is a tool used by boiler-makers 
for giving the head of the rivet a 
round and symmetrical form before 
it cools, but after it has been closed. 
vifting valve, (soupape reniflante,) 
ig the small valve fitted to the con- 
denser, and opening outwards for 
the escape of the air and steam 
ejected during the process of “blow- 
ing through.” ; 
orket (nocle, crapandine). 
olders are alloys of a medium degree 
of fusibility employed for joining 
metals together. “ Hard solder” 
for brass is formed of 3 parts copper, 
1 part zinc: soft solder for brass, 
of 6 parts brass, 1 part tin, 1 part 
zinc, A common solder for iron, 
copper, or brass consists of nearly 
eqnal parts of copper and zinc, — 
‘ole plate, base plate, or foundation 
plate, (plaque du fond,) is the strong 
plate which is bolted on the engine 
hearers, and forma the foundation 
for the engine. 
Spanners are the keys used for screw- 
ing up nuts. 
Spare gear, (piéces de réchange,) are 
carried in Government and other 
steamers to replace any portions of 
the machinery which may be broken 
or injured at sea. 
Speed, (vitesse). 
Spindle, (axe, verge). 
Split ping are those which have a thin 
wedge of steel inserted in the end 
__ to prevent their falling out. 
Springs. (reports). : 
Spring balance, (balance a ressort,) 


241 


is a spiral-spring weighing balance 
fitted with steam-tight piston, in- 


dex plate, and pointer, for showi 
the pressure of high steam. a 
ing beams sre wooden beams 
stretched between the ends of pad- 
dle beams to support the bracket for 
the outside bearings of paddle-shaft. 


Square, square foot, (quarré, pied 
carré). 
Square tuck ia the flat surface left at 


the stern of a vessel when the planka 
of the bottom are not worked round 
to the wing transom, but end in 
the fashion-piece. 


Starboard engine is that on the right- 


hand side of the vessel when look- 
ing towards the bow. 


Starting gear, (encliquetage régula- 


teur,) for starting the engines, 
comprises a wheel for working the 
slide valves by hand, and at the’ 
same time bringing the eccentric 
into gear, so as to continue the 
motion of the valves; a handle to 
open the throttle valve, and ad- 
mit the steam, one to open the 
blow-through valve, and another 
to admit condensing water through 
the injection cock. 


Steam engine, steam boat, (machine & 


vapenr; bateau 4 vapeur, pyros- 
caph). 


Steam chest, (reservoir pour la vapeur,) 


is the reservoir for steam above the 
water of the boiler. 


Steam room, (espace pour la vapeur,) 


is the capacity for steam over the 
surface of the water in the boiler. 


Steam gauge, mercurial, (manométre 


pour la vapeur,) is employed to 
show the pressure of steam in the 
boiler by marking the height to 
which it will raise a column of 
mercury in a syphon tube. 


Steam-tight, (etanche de vapeur). 
Steam twa, (pyroscaph remorquant). 
Steel, (acier). 

Steersman, (timonier). 

Stern, (poupe). 

Still or dead water, (eau morte). 

Stop valves, or communication valves, 


are fitted in the steam pipes where 
they leave the several boilers, and 
in the connecting pipes between the 
boilers, in such a manner that an 
boiler or boilers may be shut o 
from the others, and from the 


engines. 
M 


" 
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Stops or smuge of ecceniric, are the 
catches on the eccentric pulley and 
intermediate shaft, for the purpose 
of communicating the motion of 
the shaft, through the eccentrio, to 
the glide valves, either for going 
ahead or astern. 

Stow goods, to, (charger des mar- 

Seraigh Ice, (ligne droite) 

t line, (ligne droite ). 

Strain, Piaiee 

Stroke of the piston, (course du piston.) 

Stuffing-box, ( boite a étouffe, le collet ) 
is the mechanical arrangement by 
which a rod passes steam-tight 
through the cover of a cylinder or 
air-pump, &c. This is effected by 
the rod being surrounded at that 
place by a packing of hemp or 
gasket, which is com weaned by 
means of the collar (with its brass) 
being screwed tight down upan it 
The stuffing-box is lubricated with 
oil or melted tallow. which is poured 
into the cupped collar surrounding 
the rod. 

Sucking pump, (pompe aspirante,) is 
one which raises water by exhaust- 
ing the air from the barrel of the 
pump, into which the water is 
forced by the extcrnal pressure of 
the atmosphere. 

Suotion gopes, (tuyaux 
sucoirs). 

Super-heated steam, is steam whose 
temperature has been raised after 
it has left the water from which it 
was generated. 

Supplementary engine, see Auxiliary 
engine, 

Surcharged steam, is steam which has 
an excess of watery particles held 
in mechanical suspension. 

Syphon oil cups, are those fitted with 
a wick of cotton or worsted hanging 
over the edge of a little tube in the 
middle of the cup, the oil rising in 
the wick by capillary attraction, 
and dropping down the tube on to 
the bearing. 


Tallow, oi, (suif, huile). 

Taps and diez are cmployed for form- 
ing the threads of internal and ex- 
ternal screws. The former is a 
hard steel screw, grooved from end 
to end, so as to igi a cutting 
section, and slightly tapered. This 
is turned round, by hand, inside the 


ai succion, 
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nut by means of the wrench, 
Dies are serewed nuts of hard ateel, 
grooved in the same way, for 
cutting the threads of bolts. 

Template, (of a base plate, for in- 
stance,) is a model or gauge of it in 
thin sheet iron or wood, having the 
bolt holes cut out, and the various 
centres marked, for the purpose of 
transferring them tothe hull of the e 
vessel. 

Test cocks, see Pet cocks. 

Thread of a screw, (filet d’une vie). 

Throttle valve, (soupape regulateur,) 
is situated in the steam pipe, close 
to the slide valve casing, and is 
used for regulating the flow of 
steam, which in the marine engine 
is done by hand, 

Ton equals 2240 Ibs.; the Freneh 
tonne equals 1000 kilogrammes, or 
2204°86 Ibs. avoirdupois. 

Travel of the valves, (course du 
tiroir,) is synonymous with their 
stroke. 

Ti unk-eng ine, is one in which the end 
of the connecting rod is attached 
to the bottom of a hollow trunk 
fitted to the upper side of the 
piston, and alternating with it 
through the interior of the steam 
cylinder. The trunk itself passes 
steam tight through the cylinder 
cover, by means of a stuffing box. 

Trunnions of oscillating cylinders, are 
the hollow axes upon which they 
vibrate, and through which the 
steam passes into the belt which 
leads round the exterior of the 
cylinder to the valve casing. 

Tubular bovlers, are those in which the 
flame and hot gases, after leaving 
the furnaces, pass through a great 
number of sinall iron or brass tubes 
surrounded with water. 

Tube plugs, formed of hard wood, are 
used for driving into the two ends 
er a tube that has been burst by 

e pressure of the steam, as a 
teraporary remedy until a new tube 
can be put in. 

Tug, or towing boat, (remorqueur). 

Two-way cock, (robinet 4 deux eaux). 


Up-take, is the name given to the 
flue of a boiler into which the 
others are gathered at the end of 
their course, and thus taken up into 
the foot of the chimney. 


MARINE ENGINES AND BOILERS. 


Vacwum gauge or barometer, is fitted 
to the condenser to show the 
vacuum. 

Vacuum pump, is sometimes fitted to 
the boilers for the purpose of filling 
them above the level of the sea, by 
withdrawing the air from the inside 
of the boiler, when the water will 
of course rise by the atmospheric 
pressure outside. 

Vacuum valves, see Reverse vulrves. 

Valves, (valvules, soupapes, clapets, 
tiroirs). 

Vulve casing, (boite du tiroir, botte a 
vapeur,) is the cast-iron chest en- 
closing the slides. 

Valve-gearing, (armature du tiroir). 

Velocity, (vitesse). 


Wages, (gages, salaire ). 
Washers. are the round pieces of thin 
iron or brass interposed between the 
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nut of a bolt, and the surface upon 
which it is screwed down. 

Waste-steam pipe leads from the valve 
chest on the top of the boilers, to 
carry off the steam escaping through 
the safety valves. 

Waste-water pipe, see Discharge pipe. 

Water gauges, namely, glass water 
gauge and the brass gauge cocks, 
are attached to the front of the 
boiler for showing the level of the 
water. 

Water-tight, (etanche d’eau). 

Wear, (usure). 

Wedge, (coin). 

Wergh-chaft, is the rocking shaft used 
in working the slide valves by the 
eccentric, 

Worm wheel, is a wheel with teeth, 
formed to fit into the spiral spaces 
of a screw, Bo that the wheel may be 
turned by the screw, or vice verad. 


THE FOLLOWING ARE 


WORKS ON NAVAL ARCHITECTURE. 


PUBLISHED BY MR. WEALE. 


In 1 volume, 4to. toxt, and a large atlas folio volume of plates, half-bound, 
Price Gl. Gea. 


THE ELEMENTS AND PRACTICE 


OF NAVAL 


ARCHITECTURE ; or, a Treatisn on Snip Bouriprna, theoretical 
and practical, on the best principles established in Great Britain ; with 


copious Tables of Dimensions, Scantlings, &c. 


The third edition, with 


an Appendix, containing the principles and practice of constructing 
the Royal and Mercantile Navies, as invented and introduced by Sir 
Rosert Serpines, Surveyor of the Navy. By Jonn Knowrns, F.R.S. 
Tllustrated with a Series of large Draughts and numerous smaller 


Engravings. 


LIST OF 


gt ce of the frame of a 106-gun 
ship. 

Construction of an arch, circlos, &c. 
Cones 

Capstana, crabs. 

Conducting bodies and burs. 

Fluating bodics. 


PLATIS. 


Representation of a flying proa. 

Experiments on stability. 

Scale of sulidity of tonnage and dis- 
placer ents, 

Machines for driving and drawing bolts. 

Longitudinal section and plan of a 74- 
gun ship. 


Plates of Details—The following are exceedingly large :— 


Construction 1. Draught of a ship pro- 
posed to carry 80 guns upon two 
decks, with details. 

2 Disposition ofthe frame 

for a ship of 80 guns. 

3. The planking expanded 

of the 80-gun ship. e 

. Profile of the inboard 
works of the 80-gun ship. 

5. Plaus of the gun deck 

and orlop of ditto. 

6. Plans of the quarter 

dock, forecastle, aud upper deck of 

ditto. 























7. Main gear capstan of 
an 80-gun ship, windlass, &c., and 
etails. 





8. Midship section of a 
74-gun ship; midship section of a 74- 
gun ship, as proposed by Mr. Snod- 


grass; inidship section of a 36 gun 
frigate ; mudship section of a 36-gun 
frigate, us proposed by Mr. Snodgrass 3 
pbketches of anew plan proposed for 
framing ships, and of the best mode 
of adopting iron-work in the con- 
struction, wud other detiils. 
Construction ¥. Sheer draughtand plans 
of a 40-gun trigate, with launch, &c. 
10. Sheer draught, half- 
breadth and budy plans of a sloop 
of war. 
ee are tie Peale of ae ‘*Dart” 
and ‘§ Arrow” psloops, as designed b 
General Tenth, . is - 
————12. A brig of war, 18 guns. 
13. Inboard works of ditto. 
14. Plans of the uppor and 
lower decks and platforms of a brig 
of war. 
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Construction 15. Yacht ‘‘ Royal Sove- 


reign.” 

————————16. Yacht built for the 
Prince Royal of Denmark. 

———_—_——17. Plans and Section o. 
the interior of « fire-ship. 

18. Draught and plans of 
a bomb vessel. 

——— 19, A cutter upon A new 
construction, with mode of fitting 
sliding keela. 

———-——20. Bheor draught, half 
breadth and body plans of an East 
Tndiaman. 

21. Sheer draught, half- 
breadth and body plans of a West 
Indiaman. , 

22. Acollier brig of 170 tons. 

23. A Virginia-built boat 
fitted for a privateer. 

24. A fast sailing schooner. 

26. A Virginia pilot boat. 

26. A Berwick smack. 

27. A sloop of 60 tons in 

the London trade, particularly dis- 

tinguished for her capacity and velo- 


city. 
28. A Southampton fishing 


29. Tho long buat of an 80- 
gun ship, showing the naturo und 
construction by whole moulding. 




















hoy. 





Construction 30. A Jaunch, pinnace, 
cight-oared cutter, yawl, &c. 
31. Wherry, life-boat, whale 


boat, a giy, a swift rowing boat. 


32 Laying off, plan of the 
forc-body, sheer, and half-breadth 
plan of the fore-body, belonging tu 





the square bodies, &c. 


33. Plan of the after-body, 
sheer, and half-breadth plans of the 
aftor-body, &c. 

34, Aiter-body plan, fore- 


body plan, sheer and half-breadth 


plans of tho atter-cant body, shecr, 
and half-breadth plans of the fore- 
cant body. 








35. Horizontal transoms, 
cant transoms, sheer plan, body plan, 


&ec. 
—_—_———-36. Square tuck, body 
plans, sheer and half-breadth plans. 
————_————_37. Huwse pieces, cant 

hawse picces, &c. 

—_—_—_——38. Laying off of the stern, 
laying off of the ins, plan of the 
stern, sheer plans, body plans. 

——————39. Plans, elevations, and 
sections of the different contrivances 
for fitting the store-rooms, &e. on 
the orlop of an 80-gun ehip, showing 
the method of fitting all ships of the 
hne in future. 


Drawn and Engraved with Dimensions, 8vo. text, and folio plates, Price 12s. 


THE NAVAL ARCHITECT'S PORTFOLIO, and the 
Student’s Practical Instructor in the Construction and Draughting of 
Ships fur War, Mercantile, and Steam-Packct Service—Iron and 


Timber. 
Navy. 


By H. A. Summerrrenpt, Lieutenant in the Royal Norwegian 


In 3 parts or volumes, in 12mo, with numerous plates and woodcuts, price 3s. 


RUDIMENTS OF NAVAL ARCHITECTURE; or, an 
EXPosiItIoN oF THE ELEMENTARY PR'NOIPLES OF THE SoIENOH, AND 
THE PRACTICAL APPLICATION TO Navan Constrvorion, for the Use of 


Beginners. 


By James Pzaxer, Naval Architect. 


In 12mo, with numerous woodcuts, price 13. 


HINTS ON THE PRINCIPLES WHICH SHOULD 
REGULATE THE FORM OF SHIPS AND BOATS; derived from 
Original Experiments. By Witt1am Briann, Esq., Author of ‘'On the 
Principles of Construction of Arches,” &c, 
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v. 
Tho plates in large atlas folio, text in folio, price 47. 4s 
NAVAL ARCHITECTURE; or, Tire RuprmMents ann 


Rutzs or Snrp Buruprna; exemplified in a Serics of Draughts and 
Plans, with Observations tending to the Improvement of that important 
Art. By Marmapvugsz Srarxrarrt, N.A. 


THH PLATES CONSIST OF— 


J. A long boat for a third-rate, six side, and the dispositions of the tim- 
figures of various draughts. bers in ditto. 
9. A yacht of 141 tons, ton figvees of 9. 74-gun ship, sheer draught and 
several draughts. bottom, fore aud aft-bodics. 
8. A sloop, 331 tons, sheer dranyht and 10. Draughts, sevoral. 
bottom, fore and aft-bodies. 1]. Right aft, a level view of the stern 
4. A sloop of war, cant timbers. of a 74-gun ship, side view of the 
5. Tho bottom and top side hoad and quarter-gallery, &c. 
6. 44-run frigate, fore and aft, and 12. A cutter, draughts, de. 
bottom, a very fine and large en- 13 Exact method of ending the lines 
praving. of different sections 
7. Draughts, sevorul. 14. A frigate, sheer draught, bottom, 
§. The shift of tho planks in the top fore aud aft-bodes. 


These plates exhibit fineness and correctness of drawing and engraving, and 
upon @ large acule of rure occurrence. 


STEAM NAVIGATION. 


VI. 
In atlas folio size, with 25 very fincly engraved plates by Le Keux, price 258. 
THE GREAT BRITAIN ATLANTIC STEAM SHIP 
of 3500 tons, constructed of iron, with engines of 1000 to 2000 horse- 


power, and the screw propeller; with scales and figured dimensions 
to all the parts. 


LIST OF PLATES OF TOE GREAT BRITAIN. 


1. Section of fore-end of engine-room, carrying the cargo deck, and dispo- 
looking aft. sition of the plate-sleepeis in the 
2. Section at aftor-end of the boilces. ship’s bottom, after end. 


3. Section through the centre part of | 16, 17. Suction at the after-end of the 
the ongine-room, looking forward. | vessel, showing slecpors and luwor 

4, 5. Plans, elevations, and sections of | _ cargo deck. 
the cylinders. | 18,19. Upper cargo deck, forward, 
6, 7. Main driving shafts and cranks, showing the modo of tixing to tho 
| 


details. sidea of the vessel. 
8,9 Section at the fore-end of the 20, Zl. Plan of the engine and boiler- 
ilors. | room, upper deck 
10, 11. Air-pump, connecting-rod, ele- | 22, 23. Longitudinal section through 
vation and plan of tho parallel motion, the engines and boilers. 
air-pumps. ! 24,25 End elevation of the screw pro- 


12, 13. Piston, rods, and parallel mo- 
tion, blocks, with plan. 
14, 15. Section showing the manner of 


peller; elevation of the after-end of 
the vessel, showing scrow propeller 
and rudder. 
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VII. 


In one very large-sized plate, fincly engraved by Lowry, prico 10s. with scales 
and incasures, 


THE SHEER DRAUGHT, BODY PLAN, AND 
BOTTOM OF THE TRON SHIP GREAT BRITAIN. 


VIII. 


Collected and bound uniformly in one folio volume, with the text in medium 
quarto, half-cloth boards, price 5l. 15s. 6d.; forming a complete and scparato 
work from any cdition of Tredgold on the Stcam Engine. 


APPENDICES TO THE ELABORATE EDITION OF 


TREDGOLD ON THE STEAM ENGINE, AND ON 
STEAM NAVIGATION, complete; being the Appendices A, B, ©, D, 
K, F, and G, and not included in the new edition of Tredgold ; com- 
prising very amply illustrated subjects on Steam Navigation, Steam 
Vessels, both of iron and timber; Stcam Engine in the Government 
Arsenal, Woolwvich ; Marine Engines; an investigation and completa 
development of Rerew propelling; and an claborate Treatise and 
detailed Iustrations of the Cornish Engine, &c. 

The Engravings are on a large scale, for practical use, and were 
drawn, explained, and corrected under the direction of the following 
Kcientific gentlemen : Messrs, Laird, Liverpool; Seaward, Limehouse ; 
Fairbairn; Oliver Lang, H.M. Shipwright, Woolwich; William Pitcher 
Northfieet; Miller & Ravenhill; Sir William Symonds, &c. &c. 


APPENDIX A, B. 


LIST OF SUBJECTS AND PLATES. 


Draught, section, and lines of the 


Iron steam yacht “Glow-worm,” con- 
atructed by Mr J Turd, Birkonhead, 

Tron steam: ship ‘“‘ Rainbow,” belonging 
to the General Steam Navigation 
Company, draught lincs at bottom, 
fore-body to a large scale, by Mr. J. 
Laird. 

Plans of the engines of 90 horse power 
each, 50-inch cylinders, 4-6 stroke, 
made by G. Forrester & Co, Liver- 

001, and fitted on beard the *f Rain- 
ow.” 

Bide clovation and section of ditto. 

Transverse section of ditto. 

Draught of the American armed steam- 
ship ‘Fulton ” Walf the imam 
breadth, 17 fect; distanee between 
the water lines, 2 feet ; fore and utter 
body precisely alike. 

Plans of upper and lower deck of the 
Admiralty yacht “ Black Eagle,” 
with fittings, &c. 

Plans o: upper and lower decks of the 
iron steam-yacht ‘‘Nevka,” built for 
the Iiiapress of Russia, by Messrs, 
Fairbairn & Co. 


**Nevka.” 

Cross section of ditlo, showing engines, 
construction of vessel, and paddles. 
Body plan, cross section, and saloon 3 
showing joinings, fittings, and deco- 

rations. 

Mr. John Haguo’s 12-horse condensing 
engine, in operation at the Arsenal 
of Woolwich : clevation, with dimen- 
sions of parts and references. 

Longitudinal section, ditto, ditto. 

Plas, ditto, ditto. 

Section, showing boiler, &c., ditto. 

End section, showing furnace, &c., ditto. 

Mr. Lany’s mode of connecting tho 
stem, stern post, and keel together. 
for any description of vessel ; and 
Mr. Lang’s method of framing the 
ribs and kecls of steam vessels, with 
a plan of timbers explained, sectional 
parts and dimensions. 

Chapman’s draught lines of bottom, fore 
and aft bodics; and Mr. Whitelaw’s 
of Glasgow, new contrivances in the 
sicam ongine. 


Several of these platos a~1 of large size, and useful to practical men. 
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APPENDIX C.—Price 14s. 
LIST OF SUBJECTS AND PLATES, 
General clovation of the starboard | Different views of the condensing appa- 


engine and boilers of the ‘‘ Cyclops,” ratus, feed and bilge purops, &. 

showing the relative position of all | Details of the parallel motion, connect- 

the purts connected therewith. ing rod and piston, crops head, &c,. 
End views of both engines at the paddle Elovations of part of one paddlo-whee. 

shalt, with a section of the vessel and shaft, &c. 

tuken at the same point, &e. Front elevation of two boilers, é&c. 


Frout clevation, section in elevation, Transverse sections of two boilers, &c. 
and plan of the cylinder, steam | Plans of the four boilers, &c 
nozzles, and slido gear, with details | Appeudages to the boilers, &c. 
of the eccentric, &. | 


Together with several details scattered over the plates, 


APPENDIX JD.—Price 10s. 6d. 


TIK ARCHIMEDEAN SCREW, or SUBMARINE PROPELLER, illus- 
trated ; describing also the inventions and experiments on this 
important subject. 


APPENDIX E, F.—Price 10. 5s, 


LIST OF SUBJEOTS. 
West Indian mail steam-packct ‘‘Jsis,” {| IDM Stcam-frigate of war Cyclops,” 


hy Mr. Pitcher, Northfleet. by Sir Wm. Symonds, Surveyor of 
The “Orion,” Ipswich steam packet the Navy. 
vessel, by Mr. Roid, Ipswich. . Engines of the “Dec” and ‘Solway ” 
Engines of the ‘Isis,” by Messrs. West Indian mail steam packets, by 
Miller & Co, Mossrs. Scott, Sinclair, & Co, 
The Plates are very large, and consirt of — 
Sheer draught and profile of mboard gcther with the boilers, engine-rvor, 
works and after-body of the Reyal ae. 
wil West India packet ‘Isis.” Sheer dranght, profile of inboard worka, 
Taines of bottom, ditto. with ines of bottom, and affer body, 
Plin of spar-deck, showing Captain of her Miyesty’s  stcam-frigute 
Smith’s life boats “* Cyclops,” 
Plans of upper and lower decks, ditto. Plans of upper and lower decks of ditto. 
Midship section, ditto. Skcteh of spars, sails, &c. of ditto. 
Sheer draught, lies of bottom, and Transverse section, and part of tranie- 
after body of the ‘‘O1ion,” Jpswich work of ditto, showing the admiiable 
iron packet. construction of this vessel. 
Plan of deck of ditto Lonaitudinal clevation of one of the 
Lovgitudinal clevation of one of the chgmes of the Royall West Dadia 
engines of the ‘dais ” Tackets © Dec” ud “Solway.” 
End clevation of ditto, showing puddles, Two end vicws of ditto, 
phatt, aud construetion of vesseL Plan of Ditto. 


Plin of the cngives of the ‘Ist,” to- 


APPENDIX (t.—Price 12. 12s. 

TH CORNISIE PUMPING ENGINE ; designed and constructed at the 
Hayle Copper-House in CornWall, under the superintendence of Captain 
JENKINS; erected and now on duty at the coal mines of Languin, 
Department of the Loire Inférienr, near Nantes. Nine claborate 
drawings, historically and scientifically described. 


LIST OF PLATES, 
Plan of the engines and boilers. —Sido Dotails of air-pump, condensers, food- 


elevation of engine. pump, de. 
End view of engine and boilers. Ditto boiler aud boiler apparatus. 
Details of cylinder, nozzles, valves, | Mlevauon and sections of pumps and 
hand gearing, &, pit work. 


The text in a 4to volume, and plates in a large folio piz0. 
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ALSO, STORMS. 
1X. 


Third edition, in rvyal 8vo, boards, with 13 charts, &c., price 12s, 


AN ATTEMPT TO DEVELOP THE LAW OF 


STORMS, by means of facts arranged according to place and time; 
and hence to pviut out a cause fur the VarraBLeE Winps, with a view 
to Praorrcan Usz in Naviaatioy, By Colonel Sir W. Rerv, K.C.B., 
and R,E., Governor of Malta. 


Xx. 


In royal 8vo, unifurm with the preceding, price 9s, with Charts and wood-cuts. 


THE PROGRESS OF THE DEVELOPMENT OF 
THE LAW OF STORMS, AND OF THE VARIABLE WINDS; 
with the practical application of the subject to Navigation, By Colonel 
sir W. Rei, K.C.B., F.R.S., &c. &e. 


XI. 
In royal Syo, uniform with the preeeding, price 1s. 6d. 


NARRATIVES (Writicn by Sea Commanders) ILLUS- 
TRATIVE OF THE LAW OF STORMS, and of its practical applica- 
tion to Navigation, No. 1, The ‘ Blenheim ’ Hurricane of 1851, with 
Diagrains, 


XII, 


In one amell volume, with many cio and wood-cuts, second edition, cvrrected 
and umproved, neatly bound, 48. 6d. 


TEMPLETON’S OPERATIVE MECITANIC’S WORK- 
SHOP COMPANION, AND THE SCIENTIFIC GENTLEMAN'S 
PRACTICAL ASSISTANT; containing a great varicty of the most 
useful Rules in Mechanical Science, divested of mathomatical com- 
plexity ; with numerous Tables of practical data and calculated results, 
for facilitating mechanical aud comurercial transactions, 
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In Folio, with 100 Engravings, price 100 Francs French, 
or Four Pounds sterling. 
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ANCIENT SMITHERY 


OF 


GOLD, SILVER, COPPER, AND IRON, 


MEASCRED AND DRAWN 


From Ancient Models, 


AND COMPRISED IN 


ONE HUNDRED FULL-PAGED EXAMPLES, 


WILE 


AMPLE DETAILS OF THE MIDDLE AGE. 


EXAMPLES FOR INTERTOR DECORATIONS FOR DOMESTIC AND 
ECCLESIASTICAL PURPOSES. 


PMAARALR OR RRR APT ROA 


JUST ISS(ED AT BRUGES, 


AND NOW BOLD BY 


JOUN WEALE, 
59, INIGH ILOLBORN, 


NEWLY-IMPORTED WORKS FROM FRANCE 


ON 


DESIGN IN ART. 


——— 


[HE following very superior Works, which are elaborately 

illustrated by Enugravings, show, by educational means, the 
correct mode of Instruction in Design for elementary purposes, 
and for practice in drawing accurately, with elegance of style, 
in the Fine and Useful Arts. 


To the Trustees of Government Schools of Design, Mechanic 
Institutes, Institutions of Civil and Mechanical Mingineers, and 
to Professional Men, the following list is especially addressed. 
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COURS ELEMENTATRES DE LAVIS APPLIQUE 
A L’ARCHITECTURE. Folio volume, containing 10 claborately 
engraved plates, in Shadows and Colours, vory finely executed by 
the best artists of Franco. Price 2l. Paris, buf. 


II. 


COURS ELEMENTATRES DE LAVIS APPLIQUE 
A MECANIQUE. Folio volume, contuning 40 claborately en- 
graved plates, in Shadows and Colours, very finely oxecuted by 
the best artists of France, Price 2l. Paris, 5Qf 


ITt. 


COURS ELEMENTAIRES DE LAVIS APPLIQUE 
A ORNEMENTATION. Folio volume, containing 20 claborately 
cugraved plates, in Shadows and Colours, very finely executed by 
the best artists of France. Price UW. Paris, 25/. 


IV. 


f “, 

ETUDES PROGRESSIVES ET COMPLETES 
D’ARCHITECTURE ET DE LAVIN. Par J. B. TRIPON. Targo 
folio, 24 fine plates, compmxning the orders of Architecture, 
Mouldings with Profiles, Ornaments, and Forms of their Propor- 
tion, Art of Shadowmy Dvors, Balusters, | arterros, &c. &e. &e. 
Price ll. 48. Paris, 36/. e 


Vv. 


SPECIMENS FOR DRAWING, SITADOWING, 
AND ELABORATING THE EXTERIOR AND INTERIOR OF 
HOUSES, drawn on 4 jarge scale in largo Atlas fulio, consisting 
of Stylo Rénaissanco—Old French, Modern French, Italian, Vene- 
tian, English, and Parisian. 12 plates, very finely executed. 

Price 15s. Paris, 20/. 
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In one Volume large 8ro., with 13 Plates, Price One Guinea, 
in half-morocco binding, 


MATHEMATICS 


TOR 


PRACTICAL MEN: 


BEING 
A COMMON-PLACE BOOK 


OF 


PURE AND MIXED MATHEMATICS, 


DESIGNND CHILPLY FOR TIN UsE OF 


CIVIL ENGINEERS, ARCHITECTS, AND SURVEYORS. 


BY OLINTHUS GREGORY, LT..D., F.R.AS. 
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THIRD EDITION, REVISED AND ENLARGED. 
BY HENRY LAW, 


CIVIL ENGINILR. 
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10 MATHEMATICS FOR PRACTICAL MEN 
J 
CONTENTS. 
PART ].—PURE MATHEMATICS 
pone SEct. 
CURSED TS PeeUe 9. Quadratic Equations. 
ce ee . 10. Equations in General 
| 1. Definitions and Notation. of re eae pear e ae 
2, Addition of Whole Numbers, © eA DURCH ee TE DTRENICAL Boge Cas 
| BS uheaction of Whole Nuuberé sion.— Geometrical 1 ropression. 
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